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Aet. I.

—

Results derived from an examination of the United
States Weather Maps for 1872 and 1873 ; by Elias Loomis,
Professor of Natural Philosophy in Yale College. With two
Plates.

(Read before the National Academy of Sciences, Washington, April 24, 1874.)

Through the kindness of Brigadier-General Albert J. Myer,
Chief Signal Officer, U. S. A., I have received a weather map
for 7£ a. m. daily, since Jan., 1872. This series of maps for

the years 1872 and 1873 I have undertaken to discuss, in order
to determine what information can be derived from them
respecting the laws of storms. To prepare myself for this dis-

cussion, I ordered an engraver to make an outline map of the
United States upon exactly the same scale as the U. S. weather
maps, and provided myself with a large number of copies of this

map. On one of these maps the tracks of all the storms for the
month of January for the two years were delineated, whenever a
storm center could be satisfactorily located for two successive
days. In like manner, the storm paths for the month of February
were delineated on a second map, and so on for each of the months
ofthe year. These maps exhibited, in the aggregate, storm paths
for 314 days, which was the whole number of cases obtained
from the two years of observations. These results were then
all reduced to a tabular form by measuring with a protractor
the bearing of each storm path with reference to a meridian,
and measuring the dailv progress of the storm on a scale of
inches. This table showed the date of each storm, together
with the velocity of its progress and the direction of its path,
and also a variety of other circumstances which it was supposed
Am. Jour. Scl-Third Series, Vol. VIII, No. 4&-Jui.t, 1874.
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might "have some connection with the preceding, viz : the

height of the barometer at the center of the storm; the amount
of the fall of the barometer in the preceding 24 hours ; the

amount of the rise of the barometer in the succeeding 24 hours

;

the change of pressure at the center of the storm in 24 hours, etc.

The following table shows the average direction and velocity

of storms for each month of the year, as deduced from 314 cases.

Mont*, C=°f

|

VS" Hon*, Course of 1 ^uSS^er*

February,

March,
April,

N. 85° ft.

N. 76 B.

N. 74 K
N. 78 E.

N. 93 E.

28-5

24-2

July,

September,

November,

N! 85 E.'

N. 78 E.

sr! so e!

N. 84 E.

28-3

! Year, 1 N. 82 E. 1 25-6

The average direction of the storm paths for two years

was !N". 82° E., or 8° to the north of east, and the average

velocity was 25'6 miles per hour ; but there is a noticeable vari-

ation both in the direction and velocity, depending upon the

season of the year. The course of storms is most southerly in

summer, and it is a little less northerly in winter than it is in

spring or autumn. July is the month in which the course is

most southerly, and October is the month in which it is most
northerly, the mean difference between these two months
amounting to 33°. The velocity of progress is greatest in win-

ter and least in summer. February is the month of greatest

\ of least velocity, the former

_ the latter by 75 per cent.

The diversity in the direction and velocity of particular

storms is m this. In one instance, viz: Oct.

20, 1873, a storm traveled N. 44° W., and in another instance,

Oct 25, 1872, a storm traveled about due north. There have
been ten cases in which the direction of the storm path was
more than 60° north of east; and there have been three cases

in which the direction was more than 60° south of east. In
one case the direction of e n path was 70° south of

the entire range in the direction of storm paths t > 1,0

over 180 degrees.

Thed versity in respect t ) the velocity of progress of partic-

ular storms is still greater. in >

remained sensibly stationary for 24 hours, and occasionally <t\\\

longer, while in four cases idvanced over
1,200 m les in 24 hours, and in one case Ma\ 15, 1873 the
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These results are derived from observations made at inter-
vais d 24 hours. They represent, therefore, not the actual pro-
gress of storms from hour to hour, but the average progress for
a period of 24 hours. The observations made under the direc-
tion of the Chief Signal Officer are made three times a day, and
enable us to determine the change of position of a storm's cen-
ter for every period of eight hours. A comparison of these

cms shows much greater variations in respect both to
the direction and*velocity of storm paths than what is stated
above. Some of these results are indicated in the Annual
Report of the Chief Signal Officer for 1873. On the 6th of

J73, the path of a storm center near the Mississippi
Kiver, m lat. 40°, was such as is shown by the upper curve in

the annexed cut ; and on the 17th of
April, 1873, the path of a storm center
near Chicago was such as is shown by
the lower curve. In the latter case the
direction of progress changed 360° in

a little more that 24 hours, and in both
cases the actual motion of the center
was for several hours westward, at the
rate of from 10 to 15 miles per hour.
If then we take into account the actual
motion of a storm's center from hour to

hour, we find that the storm path may
have every possible direction, and the velocity of progress may
vary from 15 miles per hour toward the west, to 60 miles per
hour toward the east

It thus appears that the inequality in the direction and
velocity of storm paths is so great that a knowledge of their
mean values affords but a very uncertain guide in predicting
the progress of a storm from 'day to day. I have, therefore,
sought to determine what are the most important disturbing
causes which affect the velocity and direction of storm paths.
For this purpose I have tabulated nearly all the materials
afforded by the weather maps, and compared them with the
velocity and direction of the storm paths.

Influence of rain-fall upon the course of storms.

One circumstance which appears to have a decided influence

;7 modifying the course of a storm path is the fall of rain.

I le barometer is accompanied
by a fall of rain, and the area of rain-tall usually extends fur-
ther on the eastern side of a storm center than it does on the
western side. The accompanying figure represents a portion
of the area covered by a storm which prevailed April 25, 1874.
near the Atlantic coast of the United States, The smallest oval
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on the left represents the isobaric line of 29*60 ; the oval imme-
diately surrounding it is the isobaric line of 29-70; and the

center of the storm was near the center of these two ovals.

The third and largest oval represents the limits of the rain area

as far as can be determined from the signal service observations.

The storm center advanced in the direction of the long arrow.

It will be noticed that the rain area extended on all sides

around the storm center, but spread out most upon the eastern

side. The same is generally true of storms which pass over

the United States.

In order to determine whether there exists any connection be-

tween the extent of this rain area and the velocity of the storm's

progress, the rain-fall at each station for the preceding eight hours

was copied from each of the weather maps in every case in which

the storm path could be exactly traced for the next 24 hours

;

and the distance to which the rain area extended to the east of

the storm center was measured upon the map. The whole

number of storm paths was then divided into four equal classes

;

the first division embracing those cases in which the storm

advanced with the greatest velocity ; the second and third divi-

sions embracing the cases next in order; and the fourth divi-

sion embracing the cases of least velocity. The following are

the average results deduced from a comparison of 152 cases,

being all the cases in which the information required for this

investigation could be derived from the maps.
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These numbers clearly indicate th

is advancing most rapidly, the rain
i

distance on the eastern side of the storm, and the velocity of
the storm's center appears to increase more rapidly than the
extension of the rain area. The average extent of the rain
area on. the east side of the storm's center is 500 miles. When
the rain area extends more than 500 miles on the east, the
storm advances with a velocity greater than the mean; but
when the extent of the rain area is less than 500 miles, the
storm advances with a velocity less than the mean. If we con-
fine the comparison to the two divisions which correspond to the
greatest and least velocity, they lead us to conclude that when the
eastern extent of the rain area is 100 miles greater than the mean,
the hourly velocity of the storm's progress is increased 149 miles

;

but when the eastern extent of the rain area is 100 miles less

than the mean, the hourly velocity of the storm's progress is

diminished 81 miles.

In order to determine the influence of the rain area upon the
direction of the storm's path, I attempted to determine not sim-
ply the limits of the rain area, but the direction in which the
rain area was most extended. The rain area is usually of an
oval form, as show in the preceding figure. For each rain area
a line was drawn dividing the area symmetrically, so as to

represent the longer axis of the oval, and the bearing of this

line was measured with a protractor. I then selected those
cases in which the direction of the storm paths was most north-
erly, and also those cases in which the direction was most
southerly, and for each case the position of the axis of the rain

area was determined. I then determined the average direction

of the storm paths and the average direction of the axes of the
rain areas for each class of cases, and obtained the following

results.

ling to

lortherhherly. the axis of the rain area is inclined to the

storm's path 13° toward the south ; but when the course of a

storm is most southerly, the inclination of these two lines is

only two degrees. Considering that there is a difference of 76°

in the mean direction of the storm paths for the two classes of

cases, and a difference of 65° in the position of the axes of the

rain areas, we may conclude that the average course of the

storm paths for 24 hours coincides very closely with the posi-

tion of the axis of the rain area for the preceding eight hours.

If the comparison could have been made with the direction of
the storm paths for the succeeding eight hours, instead of 24
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hours, it is presumed that the correspondence would have been

still closer.

The connection here discovered between the progress of storms

and the extent of the rain area cannot be regarded as accidental,

and it is not difficult to discover, at least in part, the origin of

this connection. The fall of rain, that is, the precipitation of

the vapor of the atmosphere, is generally accompanied by a fall

of the barometer. According to the theory advocated by the

late Mr. Espy, when the vapor of the atmosphere is condensed,

its latent heat i- lil < rated, which raises the temperature of the

surrounding air, causing it to expand and flow off Literally in

all directions in the upper regions of the atmosphere, thus

causing a diminished pressure over the region of precipitation,

and an'increased pressure on all sides beyond the area of the

The progress of the storm eastward is not due wholly to a

aalting from the influence of an upper current of the

atmosphere from the west, but the storm works its own way

eastward in consequence of the greater precipitation on the

eastern side of the storm. Thus, the barometer is continually

falling on the east side of the storm and rising on the west side,

in consequence of the flowing in of colder air upon that side, as

will be more fully shown on a subsequent page.

Influence of the wind's velocity upon the progress of stortTis.

In order to determine whether there is any connection be-

tween the velocity of the storm's progress and the velocity of

the wind upon the different sides of a storm, I selected all those

cases in which a storm center was so situated that the velocity

of the wind was given at a considerable number of stations both

upon the east and west sides of the center. I then took two

knitting needles and soldered them together at right angJ >

as to form a Greek cross. Then placing this cross upon one of

the weather maps over a storm center, with the wires point-

ing northeast and southwest, the area surrounding the storm

center was divided into four qua< . -. .. i 1 designati as

the north, south, east and west quadrants. The average veloc-

ity of the wind for the stations of observation in the different

quadrants was then determined, within the

influence of this storm center. The isobar 29-90 was generally

taken as the limit of the storm, but sometimes it was ne.-essary

to reject observations within this distance when they were

clearly under the influence of another storm center.
' Only

79 cases were found suitable for this comparison. In each of

these cases the average velocity of the wind was determined

for the east and west quadrants, and generally also for the south
•

: but in a majority of the cases no observations could
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be obtained in the north quadrant, or the number of observa-
tions was too few to furnish a reliable mean. The following

table shows the average velocity of the wind in the different

quadrants, accordiug to these observations.

It will be noticed that the velocity is greatest in the west
quadrant, ami that the velocity diminishes in the successive

quadrants as we pass round the circle from west by south to

north.

The observations were then divided into two classes, one
containing those cases in which the rate of progress of the

storm was greater than the mean, and the other containing the

cases in which the rate was less than the mean, and the aver-

ages were taken both of the velocity of the storm's program
and the velocity of the wind in "the east and west quadrants of

the storm, when the following results were obtained.

These numbers indicate that the stronger the wind on the

west side of the storm, the less is the velocity of the storm's

progress. The velocity of the wind in the west quadrant gen-

erally exceeds the velocity in the east quadrant by 22 per cent.

When the velocity in the east quadrant is equal to that in the

west quadrant, the velocity of the storm's progress is seven

miles per hour greater than the mean ; but when the velocity

of the wind in the west quadrant exceeds that in the east quad-

rant by 44 per cent, the velocity of the storm's progress is

seven miles per hour less than the mean.
Some persons might have anticipated that an increase in the

velocity of the wind in the western quadrant of a storm would

have the effect of driving the storm eastward more rapidly : that

is, of increasing its velocity. But we shall see hereafter That

upon each side of a storm's' center the wind blow s ..bliq n h n

ward, and hence we must infer that in the central reg

storm there is an upward motion of the air: and this is the

cause of the precipitation of vapor; that is, the cause of the

rain-full. An increase in the velocity of the wind in the west-

ern quadra- by an increase in the velocity of

the upward motion in
" is, an increase of pre-

. This increased precipitation of vapor tends to depress

the barometer on the western side of the storm; thai

to retard the eastward motion of the storm's center: and this

cause may operate with sufficient force to carry the storm's

center westward, as actually happened in several instance- m
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the years 1872 and 1873. On the other hand, an increase in

the velocity of the wind in the eastern quadrant tends to pro-

duce a greater precipitation on the eastern side of the storm's

center; that is, tends to push the storm's center eastward, or

increase the velocity of its progress.

Does the velocity of a storm's progress depend upon the rate at

which the barometer falls when the storm is approaching, or upon

the rate at which the barometer rises when the storm has passed f

In order to answer these questions, I compared the height of

the barometer at the center of each storm with its height at the

same place 24' hours before, and also 24 hours afterward. I

thus obtained the fall of the barometer for 24 hours before the

middle of the storm, and its rise for 24 hours after the middle.

These numbers were incorporated in the same table which

showed the velocity of the storm's progress for each month.

The observations were then divided into two classes, one con-

taining those cases in which the velocity of the storm's pro-

gress was greater than the mean, and the other containing those

cases in which the velocity was less than the mean. It was

found that the average fall of the barometer in front of the

storm was nearly the same for both cases ; but the average rise

of the barometer for 24 hours in the rear of the storm was sen-

sibly greatest in those cases when the velocity of progress was

greatest The averages for the two years indicated that when,

after the center of the storm has passed, the barometer rises 20

per cent more rapidly than usual, the storm center advances

seven miles per hour more rapidly than the mean ; but when,

after the storm, the barometer rises 20 per cent less rapidly

than usual, the storm center advances seven miles per hour less

rapidly than the mean.

By the same method of comparison it was ascertained that

the Velocity with which a storm advances is independent of the

amount of"the barometric depression at the center of the storm
;

and it is not sensibly affected by the circumstance whether the

pressure at the center of the storm is increasing or diminishing.

By the aid of the preceding principles, when we have giver

a weather map showiDg the position of a storm center for a cer-

tain hour, it seems possible to predict with considerable confi-

dence where the storm center will be at the end of 24 hours.

Nevertheless, it is admitted that while the preceding principles

hold true for the average of a large number of examples

numerous and striking exceptions will be found when we at

tempt to apply these rules to particular cases. It is evidenl

: been considered in the preceding deductions.
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Relation between the velocity of the wind and the velocity of a
storm's progress.

In order to determine the relation between the velocity of a

storm's progress and the velocity of the wind in the different

ts, it is important to know not simply the wind's veloc-
'''-' at the surface of the earth, but its velocity near the central

rion of the storm, which is presumed to be at an elevation of

wo miles. In order to form some estimate of this

velocity, I took the observations at the signal service stations

for Sept, 1872, which have been published complete in a sep-

arate volume, and determined the average velocity of the wind
on the summit of Mount Washington, and also the average at

the three nearest stations near the level of the sea. These sta-

tions were Burlington, Vt, Montreal, Can., and Portland, Me.
The average velocity of the wind on Mount Washington was 29
miles per hour; the average at the three other stations was 53
miles

; hence we conclude that the ratio of the wind's velocity

near the level of the sea to its velocity on the summit of Mount
Washington is as one to 5 -

5. Now the average velocity of the

wind at stations on the earth's surface, for the different quad-

rants of the storm, has been found to be 10 '1,
8 '8,

8
'3, and

7-6 miles per hour ; hence the velocity at the height of 6,000

feet may be estimated to be 55"5, 484, 45"6, and 41 '8 miles.

We wish now to determine the average direction of the wind
in the different quadrants. For this purpose, each weather

map which showed a storm center was crossed by two diagonal

lines running northeast and southwest, marking off the four

quadrants. Then, beginning with the west quadrant, I counted

the number of stations at which the wind was reported from the

north ; also the number from the northwest, west, southwest,

etc.
; and in like manner for each of the four quadrants. The

same was done with each of the weather maps, which furnished

an example suited to this comparison. In determining the

limits of each storm, the same rule was adopted as has been

already stated in determining the velocities of the winds. I

then found by addition the aggregate number of observations

for each direction of the wind in the several quadrants, and

from these numbers computed the average direction of the

wind. The following table shows the resulting directions and

also the velocities, as already stated, for an elevation of 6,000 feet.

25' W. S. 32° 6' E. N. 42° 33' E.

In order to exhibit palpably to the eye the significance of

these results. I have constructed the following figure, m
which the four arrows show the average direction of the

wind in the several quadrants, and the lengths of the arrows
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are proportioned to the velocity of the different winds. It is

at once perceived that there is a strong tendency of the winds
inward toward the central area of the storm. The following
table_ shows the inclination of the several winds to a tangent to

the circle ; that is, it shows how much the average direction of

the wind in each quadrant differs from what it would be if the
wind revolved in a circle around the storm's center.

The average departure of

the winds from a tangent
th-i be

more than forty-five degrees.

These numbers show how
erroneous was Mr. Eed-
field's theory of storms

P when applied to the ordin-

ary storms of the United
States, and it appears that

Mr. Espy was nearer the

truth when he claimed for

the winds a centripetal mo-
tion and entirely over-

looked the rotary motion,

which must necessarily result, from a general movement of the

atmosphere from all quarters toward a central area. It is obvious
that the centripetal motion is the primary motion, and the rota-

tion is an effect resulting from this inward motion. It requires

no argument to prove that when the wind is flowing from all

inward toward a central area, as shown in the last

, there is a rapid accumulation of air, which can only
ape by an upward motion ; that is, there must result a strong

upward movement of the air near the center of the storm. As
this air ascends, it comes into a region which is colder in conse-

quence of its elevation, by which means its vapor is condensed,
and thus by a direct comparison of observations we deduce a
result which explains the cause of the rain.

If we compute the resolved portion of the wind's motion in

the western quadrant, which acts in the same direction as that
of the average progress of storms, we find it to be 43 miles.

But the average progress of storms is only 25'6 miles ; that is,

at the height of 6,000 feet in the western quadrant of a storm,
the velocity of the wind (estimated in the same direction as that

od the storm's progress) is 68 per cent greater than the velocity
with which the storm advances. This excess of motion of the
wind affords a measure of the force of the upward

r;:

the Of ;
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To determine whether a storm is increasing or diminishing In

In order to determine by what indications it may be known
whether a storm is increasing or diminishing in intensity, that

is. whether the barometric pressure at the center is diminishing
or increasing, I have made a comparison of nearly all the con-
comitant phenomena which could be supposed to have any
influence upon the result, and find the following rule to be
well-nigh universal : when the barometer rises more rapid Iv than
usual as the storm passes by, the pressure at the center of the
storm is increasing; but when, in the rear of the storm, the
barometer rises less rapidly than usual, the pressure at the center

shing, or the storm is h ty. A com-
parison of all the observations of two years indicates that when
the rise of the barometer is 22 per cent greater than usual, the
pressure at the center of the storm increases one-tenth of an
inch in 24 hours; and when the rise of the barometer is 22 per
cent less than usual, the pressure at the center decreases one-

tenth of an inch in 24 hours. We thus see that a sudden rise

of the barometer in the rear of a storm is usually followed by
two different effects : the storm center advances more rapidly
than usual, and the pressure at the center is diminishing.

3 one of these effects predominates, and sometimes
the other ; but generally, when the storm center is i

with the greatest rapidin
,
the pressure of the center of the storm

is decreasing, and when the storm's center is nearly stationary,

the pressure" at the center remains nearly stationary.

The rate at which the barometer falls in front of a storm

appears to have very little influence upon the question whether
the pressure at the center is increasing or diminishing.

The average of two years' observations indicates that when the

winds on the eastern 'side of the storm's center are very much
stronger than those on the western side, the pressure a

of the storm is increasing; but when the winds on
side are very much stronger than those on the eastern side, the

pressure at the center of the storm is decreasing. This rule is,

however, subject to numerous exceptions.

Form of the isobaric curves.

In order to determine the average form of the isobaric curves,

and the position of their longer axes, I selected all those cases

in which the center of a storm was distinctly indicated upon
one of the weather map,-, and in which at least one isobaric

curve was shown for ! of the circuit. The
number of cases found suitable for this kind of comparison

was 203. Of these, nearly one-half were so situated that only

half of one of the axes could be measured. These were gener-
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ally cases in which the center of the storm was near the north-
ern boundary of the United States, and the isobaric curve was
incomplete on the northern side for want of observations. In
nearly half the cases, the isobaric curve selected for measurement
was the lowest isobar shown on the maps : but whenever there
was a larger curve traced for at least one-half of its circuit, the
latter curve was taken in preference. A line was then drawn to

represent the longer axis of this curve, and the length of this

line was measured; or when the curve was incomplete the
length of half of this line was measured. The length of the
line drawn through the center of the isobaric oval at right

angles to its longer axis was also measured, and the direction

of the longer axis was determined by a protractor. The result

of these comparisons was as follows

:

In 55 per cent of the whole number of cases, the major axis

of the isobar exceeded the minor axis by one-half of its whole
length. In 30 per cent of the cases, the major axis was more
than double the minor axis ; in nine per cent of the cases, the

major axis was more than three times the minor axis : and in

four per cent of the cases, the major axis was at least four times

the minor axis.

These results appear to me to prove that the centrifugal

force arising from the circulation of the wind around the storm
center cannot be the principal cause of the fall of the barome-
ter, for otherwise the shape of the storm would be more nearly

circular.

With regard to the direction of the major axis of the isobars

there is no uniformity. The major axis may have any position

whatever ; but the direction which is decidedly more frequent

than any other is about N. 40° E. It will be readily perceived

Urection is almost identical with the general course

of the Atlantic Coast, and also with the range of the Alleghany
Mountains ; and it might be supposed that one or both of these

<iiv instances had some influence in determining the position

of the isobaric curves. In order to decide this question, I

divided the observations into two classes by a line drawn from
Buffalo to Mobile ; one class representing the storms of the

Mississippi Valley, and the other representing the storms of the

Atlantic Coast, and found the results in the two cases nearly

identical. The easterly inclination of the storm axes is quite

as decided in ti < Ms -is.-:] .;.i Valley as upon the Atlantic Coast
It may, therefore, be reasonably inferred that not only the

elongated form of storms, but also the prevailing direction of
their longer axes, is mainly dependent upon general, and not
upon local causes.
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Classification of Storms.

The storms which pass over the United States seem to be
naturally divided into two distinct classes ; the first class in-

cluding those storms which come from the far west and north-
west, the center of whose paths is generally north of lat 40 :

and the second class including those storms which come from
the south and south west, and which generally appear to origi-

nate in Texas or the Gulf of Mexico. Storms of the second
class are comparatively infrequent, forming only about one-
sixth of the whole number of storms. They are almost un-
known in the summer months, and are most frequent in the
winter and spring. The majority of them have their origin

west of the mouth of the Mississippi Kiver, and their average
course is N. 60° E., being 22° more northerly than the general
average of storms, which would show the average direction of
storms of the first class to be nearly due east. The average velocity

of these storms does not differ much from that of storms of the

first class. The majority of storms of the second class reach the

Atlantic Coast before arriving at lat. 40° ; and from thence their

paths generally appear to be nearly parallel to the coast One
of these storms (Oct. 25, 1872) was diverted inland, and ad-

vanced northward nearly to Eochester, after which it turned
eastward in the direction of Halifax. Another storm (Oct.

19, 1873), after passing near Cape May, was diverted north-

westward as far as Mackinac, after which it turned again to the

northeast But these were rare exceptions to a very general
rule. Nearly all the storms of this class, as soon as they reach

the Atlantic, appear to advance northeastward in a direction

nearly parallel to the coast
Storms of the second class comprehend those violent move-

ments which are commonly called cyclones. One of these passed

over Punta Rassa, in Florida, Oct 6, 1873, where the barometer
in 14 hours fell from 29 '96 to 2840, and afterward the storm

continued its course with diminished severity, traveling north-

eastward nearly parallel to the Atlantic Coast.

The approach of storms of the first class is usually indicated

upon the weather maps by the word low, at some point west

of the Mississippi River north of lat 40°, generally in Minnesota
or Nebraska. Frequently we find the word low on the maps of

two or three successive days, occupying nearly the same posi-

tion, indicating either that the center of the storm was nearly

stationary for 24 hours, or that the precise position of the

storm's center was undetermined, and it could only be located at

some distance westward. When the storm has advanced so far

eastward that the exact position of its center can be assigned,

it generally manifests a decided preference for the region of the

northern lakes, particularly Lakes Superior and Huron
;
and
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from this region the average course of storms is almost exactly

Where do the storms which seem to comefrom theJar west

originate f

On the U. S. weather maps the isobaric lines are seldom ex-
tended westward beyond the meridian of twenty degrees west
oi Washington. According to these maps, about tin-

of all our storms seem to originate in the neighborhood of Ne-
braska. In order to determine whether such is really their

>rigra, I have taken the volume of signal service obser-
vations for Sept., 1872, and projected all the barometric obser-
vations in curves, arranging the stations in the order of longi-
tude. From a comparison of these curves it appears that for
the month of September, 1872, all the priu
the barometer at Portland, Oregon, can be traced at Fort Ben-
ton, Virginia City, Fort Sully, and at each of the other stations
extending eastward to Lake Superior and Lake Michigan. In
order to exhibit this fact more clearly, I have taken particular
cases, and have drawn certain isobaric curves for several suc-
cessive days Plate I shows the isobaric curve of 29*8 for three
successive days. On the 19th of September a slight fall of the
barometer was observed in Montana, probably the result of a
fall of rain on some of the mountains of that region. No rain
was reported on that day from any of the signal service stations,

but the weather was reported "threatening" at Fort Benton and
Corinne, and " cloudy" at Virginia City, Cheyenne, etc. The
first curve on the left shows the isobar 29*8 for 7-J A. M., Sept
19th. The second oval shows the isobar 29 '8 for 7£ a. it, Sept.
20th. On tl fell at Cheyenne

; the we
reported " threatening" at Denver, Omaha and Leavenworth

;

and "cloudy" at Breckenridge, Fort Sully, St. Paul, etc. The
oval on the right shows the isobar 29 -8 for 7£ a. m., Sept. 21st.

On this day, half an inch of rain was reported at Dulul
at Marquet it a few other stations near Lake
Michigan. In two days the center of these isobars traveled
eastward about 980 miles, or at an average rate of 20 miles per
hour. The next day the storm advanced toward the northeast,
and passed beyond the range of our stations of observation.
About three days later, another and more considerable de-

pression of the barometer followed nearly in the track of the

days. On the 22d of Sept. a considerable fall of the barometer
was observed from Oregon to Dacota. At 7£ a. m. the isobar
of 29-7 was an oval extending westward nearly to the Pacific
Ocean, and eastward to the Missouri River, a distance of about

tiles. On the same day " heavy rain" was reported at
^-gon ; at Fort Benton over a foot of snow fell on
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the 22d and 23d; snow and rain fell at Virginia City; and it

was cloudy at Corinne, Fort Sully, eta The second oval on
Plate II shows the isobar 29-7 at '74 a. m.. Sept 28.1. On this

lav rain or snow fell at Fort Benton. Virginia City, Cheyenne,
Fort Sullv, Breckenridge, and several places further east.' The
third oval shows the isobar of 29-7 at 7.1 a. m.. Sept. 24th. The
longer axis of this oval, instead of being turned east and west
as on the two preceding days, was now turned nearlv northeast
toward Lake Superior. Near the center of this oval the bar-
ometer stood at 29.36. On this day over half an inch m niin

fell at St. Louis, Cairo, Davenport and Duluth, and a less

amount at other places.

On the morning of Sept. 25th, the center of the isobar 29*7
was nearly over the middle of Lake Superior. On the north.

this isobar extended beyond the range of our observations, so
that only the southern portion of the curve could be definitely
located. At Duluth the barometer stood at 29"33. On this

day considerable rain fell at Duluth, Eseanaba. Oswego, Kings-
ton, etc, During the next 24 hours the center of this storm
remained nearly stationary over Lake Superior, but on the fol-

lowing day it advanced northeastward, and passed beyond the
range of our observations. In three days the center of the sn >rm
traveled eastward about 1280 miles, being at an average rate of
IS miles per hour.

It seems probable that this storm originated, or at least was
first developed into a storm of considerable magnitude, through
the collision of moist air from the Pacific Ocean with some of the
high mountain peaks in Oregon, resulting in a heavy fall of rain

or snow. The fact which is of special interest is that this storm
when once organized, traveled over all the mountain ranges be-
tween the Pacific Ocean and Lake Superior without sensible

obstruction. The same fact is noticeable in the storm of Sept.

19-22d, and several other storms of the same month. We hence
i afer that those storms which, come to us from Nebraska some-

:d)ly some-
times come from the Pacific Ocean, whence they travel east-

ward, occasionally passing entirely across the continent to the
Atlantic Ocean.
The reductions described in the preceding article have all

been made . but the chief labor has been
performed by Mr. Edward S. Cowles, a graduate of Yale Col-
lege of the class of 1873.
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Art IL—Preparation of Photographic Dry-Plates hy Daylight,
by desensitizing and re-sensitizing the silver compounds: by
Prof. C. F Himes, Ph.D., Dickinson College, Carlisle, Pa.

The inconveniences, and the unpleasant, prolonged confine-
ment in the dark room, connected with the preparation of
photographic dry-plates have, perhaps, done more to render
their employment uninviting than any feeling of uncertainty
as to the results with them, although in many cases they are a
matter of necessity rather than of convenience. Among the re-
sults of a series of experiments on the desensitizing and re-
sensitizing of the haloid salts of silver, published several years
ago, a decided simplification of the method for the prepara-
tion of dry-plates, more particularly by the tannin process,
was obtained, which was adopted in the commercial preparation
of dry-plates, and by some individuals. Its apparent conflict,

however, with what might almost be termed photographic in-

stincts, has doubtless prevented its more general adoption.
Some recent experiments indicating the direction for further
improvement, and the recent publication of a process by Krone,
embodying, in a measure, a similar principle proposed to be
employed in photographing the transit of Venus, render fur-

ther allusion to it at this time in place. Glass plates coated
with ordinary bromo-iodized negative collodion are sensitized
in the usual argentic nitrate bath, in bright daylight, and are
then thoroughly rinsed, or washed, in a tray of distilled water
to remove the larger portion of the adhering silver solution.
Any effect of the light upon them during these operations
is removed at once, and, as far at least as practical photography
is concerned, entirely, by flowing them once or twice with
about a five per cent, or even weaker, solution of potassic iodide,
or bromide ; or the removal of the effect of light, or at least
of any developable effect, can be just as effectually accom-
plished by simply rinsing the plates well, on their removal
from the silver bath, and exposing them to the prolonged
action, say for several hours, of direct sunlight, or bright dif-

fused daylight Plates in this condition, insensitive to light.

are simply allowed to dry, and can then be kept indefinitely,
and are again rendered sensitive to light, in a few minutes, by
immersing them, in the dark, in a solution of tannin of 15
grains to the ounce of water, or by flowing such a solution
back and forth over them for half a minute, after they have
been moistened with distilled water. Being then dried they
will retain their sensitiveness unimpaired for months, and, the
writer has reason to believe, for years. The time of the expo-
sure in the camera, as well as of development with the pyro-
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gallic acid developer, is about the same as that of ordinary
tannm plates, whilst the results are perhaps more certain, anil
the negatives cleaner.

The principal advantages of the preceding method lie in the
complete division of the operations. The plates can be brought
to the tanninizing stage leisurely, and comfortably, at any
time, in an ordinary well-lighted and well -ventilated room; and
the confinement to the dark room, with its damp and unhealthy
atmosphere, when all the operations are conducted in it at the
same time, is thus reduced to a minimum, since the tannin-
izing of a dozen plates will require but a few minutes at night.
The washing of the plates is also not only accomplished with
less trouble, but more perfectly, and the possibility of acci-
dental stains, so great when solutions of such photographic in-
compatibles as argentic nitrate and tannin must be used in
close succession, is entirely eliminated.

Other substances, as different soluble haloid salts, may be
employed to desensitize the plates, and other sensitizing agents
may be employed, a solution of argentic nitrate being in many
respects the best. The sensitizer may also be applied before
the plate has been allowed to dry ; the exposure in the camera
may also be made whilst it is yet wet ; and in the latter case
the time required for both exposure and development is less

;

but attempts to reduce it to that required for ordinary wet
plates, and thus to obviate the necessity for a dipping bath of
argentic nitrate in field photography, were not successful
Experiments upon dried desensitized plates, by "fuming"
buem with ammonia, as in the ordinary paper pn
show that it possesses a decided sensitizing effec_ _.ject, but that the
degree is dependent on a proper regulation of the time of
fuming, since portions of the same plate exposed for different
lengths of time to its action manifested differences in sensitive-
ness under development with the pyrogallic acid developer,
after exposure in the camera ; and those fumed for the longest
time, as well as those for the shortest time, were less sensitive
than those acted on for an intermediate length of time. In
the process recently suggested- by Krone, the operations are
also conducted in daylight, the effect of which is prevented in-
stead of removed. This is accomplished by taking advantage
of the well known fact, that argentic iodide, formed in the
presence of excess of potassic iodide, is insensitive to light,
but may be rendered sensitive. The plates are coated with a
collodion containing argentic nitrate, and immersed in a bath
of potassic iodide, or in some cases of potassic iodide and
bromide, and are then washed, and dried, and subsequently
sensitized with argentic nitrate solution. Organic matter is

added to all the solutions, including the collodion, in the form
Am. Joub. Sci.—Thtbd Sebies, Vol. VIII. No. 43.—July, 1874.
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of an alcoholic solution of shellac and sandarach, and this may
play a very important part in the process. Unless, however,
the results obtained are superior in rapidity, or quality, the in-

convenience, involved in the preparation of special collodion
and special baths, will prevent its replacing the former method,
in which all the solutions employed are such as are in common
use. The employment of argentic iodide alone is suggested
for photographing the transit of Yenus, and it is also stated

that with bromo-iodized films, it is necessary to protect them
from the light, even before sensitizing them, on account of the
effect of light on the argentic bromide. The writer in his first

experiments also confined himself to the use of iodized col-

lodion and potassic iodide, for a similar reason, but was
subsequently convinced by numerous experiments, that this

direct, or photo-chemical, action of light on argentic bromide,
when a bromo-iodized collodion is employed, as shown in the
bluish cast of the film, is also either entirely removed in the
subsequent desensitizing, or plays no part in the subsequent
development, and is too feeble of itself, if it is not entirely

removed in fixing, to merit practical consideration. Neither
was it found necessary to prolong the immersion of plates in

the silver bath when coated with a collodion containing a
bromide, as it seems it is accessary in Krone's process to

prolong the immersion of plates coated with the silver col-

lodion, when the bath contains potassic bromide with the

iodide.

Abt. Ill

—

Brief Contributions from the Physical Laboratory of
Harvard College. No. IX.

—

On a Molecular Change produced by
the passage of Electrical Currents through Iron and Steel bars ;

by John Tbowbeidge.

In the following experiments the magnetism induced in soft
iron and in steel bars is employed to show the molecular change
produced by the instantaneous passage of electrical currents
in an axial direction. The apparatus employed was the follow-
ing : Two coils, B and C, of thick copper wire 12 cm. long, 9
cm. in diameter, were connected with the poles of a Danieil's
celL The soft iron or steel bars, 2 meters in length, 12 mm. in
diameter, were introduced as cores into one of the coils, B. A
coil, A, of fine copper wire was slipped upon the core to a dis-

tance of 25 cm. from the face of the magnetizing helix B. This
coil of fine wire was connected with a Thomson's reflecting gal-
vanometer. The second magnetizing helix of coarse wire, C, was
so arranged that its action neutralized the inducing effect of the
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electric currrent circulating through the helix B. When the
circuit, therefore, was made through B and C, an induced cur-
rent passed through the helix A and the galvanometer, which
was due to the magnetism of the core at the distance of 25 cm.
from the face of the helix B. The iron core was then made a

portion of an independent electrical current. Thus it was pos-
sible to magnetize the iron core l>y the helix B. and to send a

current through it in the axial direction by the independent
circuit We shall call the magnetizing circuit circuit a, and
the axial circuit circuit ft.

The circuit a was first made and the deflection of the gal-

vanometer noted; it was then broken. The following table
shows the results obtained: tf, represents the deflection pro-

duced by the magnetism of the bar. o". after the circuit h was
made, tf", after the breaking of the circuit ft. Two Grove cells

were used upon the circuit ft.

This table shows that the instantaneous pa>s;ige of the axial

current through the iron bar gave rise to an increase in its

magnetism. This phenomenon was apparent both at making
and breaking the axial circuit. The increase of magnetism
was greater on the breaking of the circuit ft than on the making.
This increase of magnetism disappeared on the second
of the magnetizing circuit a.

The magnetism of the core was then reversed, and the same
effects were noted. An instantaneous passage of the axial cur-

rent ft was sufficient to produce the increase of

The following table shows the effects produced by allowing
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the axial current (i to be made permanently. D and D' repre-

sent the deflections produced by repeatedly breaking the mag-

netizing circuit a.

It will be seen that the same effects were produced
antaneously making and breaking: there was no in<

iminution noticeable. Table III shows the effect of

jversing the current fi through the iron bar.

120 190 240 i

In all cases the rapid reversal of the current through the iron

bar produced a momentary increase of magnetism, which dis

appeared on the magnetization of the core by the circuit a.

Experiments were then made upon the permanence of the

effect of the instantaneous passage of an electrical current

through an iron bar. Observations were taken at periods of

three hours after the passage of the current through the iron.

The results are embodied in Table IV.

Allowance having been made for variations in the batteries

used, it was found that the iron bar maintained the molecular

state imparted to it by the axial current during the period of

observation, viz : three hours.

Table V. shows the effect upon a steel bar of the same dimen-

sions as the soft iron bar previously used. The conditions of

the experiments were the same.



The increased effect is less marked in ste<

The following table shows the effect of rapid

160 180 190

It will be seen that the effects in this case are much less than
in the case of soft iron. The current was passed through ditU-r-

ons of the iron bar outside of the portion covered by the
helix A, which was connected with the sralvanometer, but no
effect was produced. The effect of heating the iron bar by the
passage of the axial current p was infinitesimal on account of
the large size of the bar and the instantaneous duration of the
current.

The conclusions from the foregoing experiments appear to
be as follows :

1. The passage of an electric current through an iron or steel
bar produces a molecular change in it, which is apparent both
at the closing and breaking of the circuit.

2. The rapid change of direction of a current through iron or
steel bars produces a molecular disturbance which is greater
than that imparted by a current sent in one direction alone.

3. Magnetization of the iron or steel bar is sufficient to
restore it to the normal magnetic state which is imparted by
the magnetizing helix.

4. The molecular action increases with the strength of the
electric current.

No. X.—Magnetism of Soft Iron; by David Sears.

The Comptes Eendus of Jan. 12th, 1874, contains an article

by M. J. Jamin on the magnetism of soft iron. M. Jamin in-

non of an iron bar which formed
the core of two helices. The poles could be made opposite or
the same at will. The strength of the magnetization of the
iron was tested by moving a piece of iron along the bar and
ascertain in-- tin- amount ot force necessary to detach it M.
'bunin's experiments showed that the magnetization was great-
est when two north or two south poles were oppose'"!, and
least when a north and south pole were directed toward each
other. These results seem to iiim to require a modification in

the received theory of solenoids.
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In the following experiments the soft iron bar, instead of
the core common to both magnetizing helices A and

B, formed their arma-
ture. A coil of fine

wire was slipped upon
the iron bar, which was
graduated in millime-

ters. This coil, which
we shall term C, was
connected with a re-

'

1

1

fleeting galvanometer.
The coils of the bobbin
C being thus at Ho lit ! 1

angles to those of the -A B
magnetizing helices A and B, the effects of the induction by
the current circulating through A and B were obviated and the
induced current which arose in C on making the magnetizing
circuit was due to the magnetism of the iron bar alone. This
method has great advantages over that of the proof bar. The
observations can be taken readily and quickly; and it was
found that the charge of magnetism through a space of a milli-

meter could be readily measured. In the first experiment the
two magnetizing helices A and B were placed directly opposite
each i »ther, with their cores touching the middle of the iron bar.

Table I. represents the results obtained when a north pole was
opposed to a south pole.

Table II. represents the results obtained when two north or
two south poles were opposed.

In the latter case observations for the first four centimeters
con 1< 1 n< it be taken, for the spot of light from the reflecting galva-
nometer was thrown off the scale. It will be seen that the mag-
netization of the bar is far greater in the latter case than in the
former, at points remote from the opposed poles. Between the
poles, however, the magnetization was greater when poles of
the opposite name were opposed. In the above experiments
the bobbin C was placed beyond the magnetizing helices. In
the experiments which follow it was placed between them. In
Table III. the distances of the bobbin C from the point midway
between the two helices A and B are denoted by x, and the
corresponding deflections by y.
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13 " 125

These results are expressed by the curve in fig. 1. The
positions of the two north poles were sc--= +20 and x=-20.

Table IV. represents the values obtained when a north pole

was placed at x=+20 and a south pole at x= - 20.

Table IT.

Positive Negative

V !:, Val.i.

85

the armature of two electromagnets are the reverse of those

got by making the bar the core common to both the magne-

tizing helices A and B, which wan the case investigated by M.

Jamin. While his experiments tends to invalidate the theory of

solenoids, ours tend to confirm it.

The following appear to be the conclusions from the pre-

ceding experiments.

1. With poles of the same name opposed to each other the

magnetization of an iron bar forming the armature of the two
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poles is greater on a part of the armature beyond the two poles

than it is when poles of opposite signs are opposed.

2. On points of the armature between the two poles the mag-
netization is greatest when poles of the opposite names are

opposed. A north and south pole "

fore, with mucl

3. M. Jamin's conclusions from the experiments upon an

iron bar forming a core to the enveloping helices are as follows:

3°. "If the theory of solenoids is admitted, the action of par-

allel currents should be to increase the intensity of magnetiza

tion ; on the contrary, it is diminished.
4°. When the currents in the magnetizing helices run in

opposite directions, they should act opposed to each other on

the currents circulating around the particles of the iron, and
should diminish each other's action ; on the contrary, it is

increased.

5°. The action of the helices should be annulled at the mid-

dle of the bar. It is not"
When the bar to be experimented on forms not the core,

but the armature of two electromagnets, the effects obtained

are the reverse of those obtained by M. Jamin, and tend to

confirm the theory of solenoids.

Art. IV.—Mineralogical Notes; Tellurium Orrs ui ('•lunula ;

by B. Silliman.* With a note by Arch. P. Marvine, on

the Position and Geology of the Gold Hill Mining Begion.

In May, 1873, I briefly announced the discovery of tellurium

gold ores at the Eed Cloud Mine in Colorado, and stated that

Prof. N. P. Hill, of Blackhawk, had proposed to send me speci-

mens of these ores.f The specimens sent by Prof. Hill were

long in reaching me, and it is only recently that I have ex-

amined them. The observations made in the summer of 1873

by. the officers of Dr. II:. vie-as Expedition have supplied the

data needful t«» iitider.-ta <

; th. n >< « «>t •» o invn. - of these ores,

for the details of which reference is made to Mr. Marvine's

notes and map, which form part of this paper.

the National A Washington. Since then, Mr. Marvine, of

Dr. Hayden's Expedition, has kindly fund.- nying map and

section, showing the position of the Gold Hill Mining Region, in ad

forthcoming report, with a brief statement of the geol •_

trict, which I am happy to be able to ;
« less detaded

statement made orally by me to the Academy,

f This Journal, III, vol. v, 286.
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eneral, that near the mining hamlet

, about twenty-five miles northwest of Denver City,

and at an elevation of almost 8,000 feet above tide, is a wide
dike of prophyry cutting the metamorphic rocks, probably of
Archaean age, about six miles west of where the Triassic rocks
die out at the base of the mountains. A section of this dike, A

furnished by Mr. Marvine,
is annexed, showing the tel-

lurium-bearing veins b and
j' S.\V/

-

1'' c on its sides. The porphy-
-/1'j1/%i:v--'-7^ ry of which it is composed

has distinct crystals of feld-

implanted in a pur-

, Porphyry dyke, b, c. Veins with gold plish - gray paste. These
and tellurium ores. crystals have a greenish

-

white color, and are evidently partly decomposed. As seen in

a microscopic section, it shows the usual obscurely crystalline

ground-mass of felsite, with crystals of quartz, and sections of

feldspar crystals showing the parallel bands of a triclinic species.

A glance at the map shows the position and course of this dike,

and also the existence of other dikes of porphyry in the same
region. The porphyry from the " 7'30 " and " Central " Mines

closely resembles that from the " Ked Cloud," while that from a

dike (No. 136) between the " 7 -30" and the u Americus" is dis-

tinctly trachytic, and that from the "Niwot" Mine, at the west

margin of the map (No. 181), is a quartz-porphyry, with dis-

tinct crystals of biaxial mica. Those from the dikes at Jim
Town (specimens No. 147), on the north border of the district,

are distinct sanadin-trachyte.

The tellurium ores have been explored, so far, only in con-

nection with the dike near Gold Hill, shown in the section,

although they exist with the dike at " 7-30"' and the " Central."

These ores are found along the line of contact of the walls of

the dike, in a quartz gangue, associated chiefly with pyrite in

small, brilliant, highly modified crystals, and rarely with chalco-

pyrite and sphalerite. Prof. Hill speaks (loc. cit.) of lead ; but

I 'have found no salts of this metal in the specimens received.

The quartz is chiefly hornstone and uncrystalline quartz, and, on

the side of the country rock, it is mixed with feldspar. Native

gold is not visible in any of the specimens I have seen of this

ore from below the surface ; but where the surface is weathered,

it exhibits free gold, arising from the decomposition of the

tellurets.

On the sides of the dike the line of division is clearly

defined, but not so on the side adjacent to the metamorphic

rocks, it blending on this side with the granitic materials. The
thickness of the veins varies from four or six feet to a few
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inches, but the rich tellurium ores form a comparatively nar-

row seam near the center of the vein. The Eed Cloud Mine,
which is found on the under side of the dike, has been explored
to a depth of about seventy feet. The Cold Spring Mine is

explored on the upper side of the dike. The tellurium ores are

not found in the body of the dike, but have (owing probably to

the long continued high temperature of the dike) found lodge-

ment in the granite outside of the walls, and not in immediate
contact with them.
The species at the Bed Cloud Mine are native tellurium,

sylvanite and hessite (which has been called petzite). The
simplicity of the mineralogy of this locality is in strong contrast

with what is found in the tellurium veins of Transylvania,
which are mentioned more particularly farther on.

Native Tellurium.—The occurence of this rare species in the

United States, in California, was mentioned bv Dr. Genth with

iT .

s simultaneously, yet independently, detected by Dr.

Endlich and myself, in a small specimen from the collection

made at the mine last summer, and now forming part of the

Smithsonian Collection in Washington. It did not exist in the

collection of those ores sent to me by Prof. Hill. The hex-

agonal cleavages are perfect, and one small and very perfect

crystal was found, which has been measured by Mr. E. S. Dana.
Its reactions before the blowpipe are perfectly in accordance

with those of the species. It contains no selenium and only a

trace of gold.

Auriferous Hessite.—This mineral has been spoken of as

petzite ; but it contains much too little gold for this latter

species.* Its sp. gr. is 8*6; luster splendent metallic when
freshly broken; fracture conchoidal, brittle, but somewhat
malleable; under the pestle laminates into thin scales, and is

with difficulty reduced to fine powder, leaving on the agate sur-

faces metallic streaks of plumbago-like color. Color telluric,

tarnishes blackish on exposure, sometimes iridescent. Cleavage

none.

Before the blowpipe in the closed tube, the pure mineral

(with no trace of pyrite) decipitates, fuses to a globule adhering

to the glass, and exhales a white sublimate, fusing into clear

colorless globules. Alone on coal in both flames it gives a

globule, coats the coal with the characteristic areola of tellurium

and tellurous acid ; it does not exhale any odor of selenium, nor

show anv trace of lead. The globule is" non-magnetic if pyrite

is absent, and does not vegetate with silver as hessite does

;

* Mr. A. Eilers, M.E., in a notice of the Red Cloud Mine, in the Transactions of

the American
I

ineera, vol. i. p. 315, considers it petzite.
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with soda it gives a large bead of silver, which dissolves in
nitric acid, leaving gold in powder.

Cupellation gave gold 640 per cent, and silver 50-90.
By a partial analysis I found, in the wet way, gold 7131 ; silver
51-061 per cent. Understanding from Dr. Genth that he is en-
gaged in the chemical investigation of this species, as well as of
the other tellurium minerals of the Red Cloud Mine, with abun-
dant material, I have willingly abandoned this work to him,
satisfied that it cannot be in better hands.

Sylvanite.- This species from the Red Cloud Mine yields in
the open tube a faint odor of selenium, and the gray ring of
tellurium is preceded by a slight reddish ring of selenium. In
the closed tube the ring of tellurium is more distinct, and the
deep yellow-brown vapor of the metal is clearly seen, but the
selenium is not evident.
Alone on the coal it fuses with exhalation of the odor of se-

lenium and its well characterized blue flame. The first touch
of the outer flame causes a liquid fusion, coating the coal, like
argentic nitrate, with a silver film, and a yellow areola appears
before the white film of tellurium oxide. Continuous Iteming
in the reducing llame produces a well marked yellow brown
areola within the tellurium ring, becoming as it cools much more
brown. It probably contains lead and antimony. Its reactions
are not those given by Berzelius for sylvanite." It contains by
assay gold and silver in the proportion 1-7 to 1. In the for-
mula (Au. 28-5 Ag. 15-7) the ratio of the gold and silver is

1 "8
: 1. My stock of this species was not sufficient to permit a

determination of the specific gravity.
Pro£ Hill, who has smelted large" quantities of the ores of the

Red Cloud Mine, informs me that "these minerals exist in this

ore as minute particles, or so finely divided as to prod uce the
effect of a stain in the rock. One of the specimens sent—the
darkest colored—assaved here, was „found to contain 1890
ounces of gold and 5300 ounces of silver to the ton of 2000
lbs."—about $50,000 in value.

Comparing what is known of the mineral associates of the
tellurium ores of Colorado with those of Transylvania, as de-
scribed by Von Cotta, the great simplicity of the mineralogy of
the Colorado veins becomes very conspicuous. The age of the
porphyry dikes which cut the Archaean rocks of Colorado has
not been determined ; but it is probable that they are more
recent than the Vi assicr .- which flank the base of the moun-
tains. The tellurium veins of Offenbanya are accompanied bv

i rocks of more recent date than the Eocene sandstones,
and those of Nagyag exist only in connection with igneous
rocks, also of probable Eocene age (called by Von Hingenau
"greenstone porphyry"), and composed of
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bole, w hi.-li have broken through sandstones and argillaceous
shales. In Offenbanya, the tellurium ores occur under very pe-
culiar geological conditio, s tint is in m i u - m iukoh^ ri„ | s

and m segregated masses in granular limestone. The veins
occupy thin clefts, fifteen of which on one property are tolerably
parallel to each other (E. and W., dip 30°-40° N.), with an aver-
age width of about an inch, and they carrv ehieflv svlvmiile
and nagyagite sparingly distributed, and in, uvraivh n.-itn e -old.
The chief matrix is quartz and diallogite, associated with pvrite.
galenite, sphalerite, stibnite. native silver and pvrargyrite.
The gangue of the Nagyag lodes is di.-dh.-it--.' or brown spar.

or calcite, or hornstone and quartz, it varying in the different
lodes and in different parts of the same lode. The gold -bear-
ing tellurium ores are scattered through this gangue with man-
ganblende and pyrite. The chief ores worked are nagyagite,
sylvanite, gold, auriferous iron pyrites, argentiferous tetrahe-
drite, native silver and galenite. Associated with these are
hessite, bourn on ite. jamesonite. barite, sphalerite, stibnite, native
arsenic, realgar, orpiment, silver glance, chalcopyrite, marcasite,
native copper, malachite, pyrrhotite, sulphur, &c, with va-
rious epigene species. In all, over forty mineral species are
enumerated as found in the veins of Nagyag. Compared with

i< lance, we find at the Eed Cloud Mine only native

hessite, pyrite, chalcopyrite, and more rarely
galenite and sphalerite, with native gold as an epigene species
at surface. The gangue stone is hornstone or chalcedonic
quartz, with feldspar.

Possibly explorations at greater depths may develop other
species; but this result has not followed the deep we
the silver mines in Nevada, where, at the depth of 1500 feet, the
number of species found is not greater than it was at the sur-
face. A like paucity of species characterizes the metamorphic
and volcanic rocks of the Sierra Nevada in California.

Position and General Geology of the Gold Hill Mining Region

;

by Arch. R Marvine, Geologist of the Geological Survey
of the Territories in 1873.*

The accompanying map has been prepared to show the
general outlines of the country in the neighborhood of the Gold
Hill and Ward mining districts, in the mountains of Colorado,
while the following remarks explain briefly the position of the
region in relation to the surrounding country, as well as its

general geology, as determined during the explorations of the
summer of 1873.

* These notes form part of Mr. Marvine's Report, in the volume of Reports of
the Expedition for 1873.
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Nearly parallel with, and a few miles west of, the western
border of the country represented on the map, rises the main
continental "divide" in a north-and-south crest, whirl! here
reaches an altitude of nearly thirteen thousand feet above the
sea level. From the base of the main crest a zone of moun-
tainous country extends eastward, which is cut through by the
streams in a general east-and-west direction.
The intervening ridges are not sharp, but of a massive

character, often with undulating surfaces, their higher points
usually reaching in general a pretty uniform level, the rueged-
ness of the country being produced by the deep canons of the
stream. It is a portion of this region that is represented on the

of "Hog Backs," or ridges of upturned
sedimentary rocks, which lie all along the base of the range.

1 he "red beds," probably of Triassic age, form the inner-
most ridge, lying directly on the Archaean rocks of the moun-
tains. These, in going eastward, are followed by the upturned
edges of Jurassic shales, the Cretaceous groups, and the great

t?-

11

?
10 formation

'
of as jet disputed Cretaceous or Eocene age,

which stretches eastward, and forms the
lying the Great Plains.
Boulder City is on the border between the mountains and plains,

and is reached by railroad, Denver City being but twenty-
nve miles to the south and east. From Boulder City, wagon
roads up the various canons give access to the mines in
the mountains. South of the region represented on the map,
from fifteen to twenty miles, is Clear Creek, much like the
Boulder in general character, on the tributaries of which the
better known mining regions of Georgetown, Idaho, Empire,
Black Hawk, and Central City are situated.
The rocks of the mountains, as a whole, may be considered

as being composed of a great series of metamorphic rocks of
siliceous, micaceous, some horn-

blendic and garnetiferous schists, gneisses and granites, all
occur

; the gneiss, with possibly granite, in the greater propor-
tion. While large areas of structureless granite abound, ap-
parently of so-called plutonic or eruptive origin, search seldom
fails in finding spots or areas more or less large of gneksic of
even distinct schistose structure. The fact that these usually
merge imperceptibly into the surrounding granite, as well as
conform in their strikes and dips to the general system of folds,
as more plainly indicated perhaps in adjacent schistose regions,
show that such granites have been metamorphosed in sitd and
are indigenous rocks. At the same time sharp lines of
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demarcation, and the occurrence of dikes and allied features,

show that the conditions of extreme metamorphism have
probably been accompanied by a great softening of the rock,

allowing ready molecular rearrangement into stru

[onus, and producing plutotiic and other appearances indicative

of an exotic character.

The same granite mass, approached from opposite sides,

might convey entirely different impressions as to its origin ; a
metamorphic indigenous nature being indicated upon the one
hand ; an eruptive, exotic origin upon the other.

1 doubt if any of the large granite masses of the mountains
are of true intrusive character, and even if those smaller ones
which are clearly intrusive have come from great distances

below, or are other than of the same series of rocks melted by
the heat accompanying the metamorphism of the mass.
Along the south side of the map, and exposed by the canon

of the Boulder Creek, are massive gray granites, with but
few points where any structure was observed.

All along this half of the map the general strike is approxi-
mately east and west, with a northern dip. This is the case
also along its west border. Near the north and east sides,

however, the dip is south, indicating a synclinal structure
running through the middle of the eastern portion of the map.
A horizon in which a definite schistose structure tends to

occur is indicated by the dotted area running through the
center of the map. Some of the rocks here are distinct schists,

but little changed, and include very irregular red and black
banded mica schisN. garnetii'erous, and some handsome, fine

and evenly banded, gray giu-i^ie schist-. In places, this zone
may be lost in granite, but opportunity did not offer to care-
fully follow it throughout. Most of the granite on the north
edge of the map contains little if any mica, tending to a red-
dish granular aplite. The schist zone shows the folds of the
formation very well, some of them being very abrupt, and
regions of great contortion. All the observed strikes and
dips are indicated on the map, but the general structure of so
small an area cannot be well shown separated from the sur-
rounding country.

These schists and granites are pierced at many points by a
number of dikes of fel sire porphyry, v iieh are also indicated
on the map. Usually these form hills or ridges, and while
some are quite long, the prophyry has apparently often found
vent through less extended openings, now showing as sugar-
loaf formed hills, without the direction of the dike being
clearly indicated. Such forms are shown by a cross. The
porphyries vary considerably in character, but no careful com-
parative examination of them has as yet been made. Some
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contain remarkably handsome crystals of fieldspar, often of the
form of the Carlsbad twins.

The tellurium ores of Gold Hill occur in connection with
one of these dikes. See the section on page 26. This dike
varies from forty-five to thirty-five feet in width, trends about
N. 30° E., and dips approximately 80° to the northwest. On the
east side is the Red Cloud, on the west, the Cold Spring mines.
The former, upon a casual examination, showed a well defined
hanging wall or that on the side of the porphyry, a vein
usually three or four feet in width, but in places pinching out
to a few inches, with at one point a clay-like "gouge,'' and an
indefinite foot wall on the side of the coarse gneissic granite,

which is here the country rock. Some of the vein matter
appeared as if a decomposed granite.

Pyrite is the most frequently occurring mineral in the dull

quartzose gangue of the vein ; with it there is some zinc

blende. I had no opportunity to examine into any paragenetic
or other feature of the tellurium ores.

-Notes on Diffraction Gratings; by John M. Blake.

During the past year I have had an opportunity to photo-
graph some diffraction gratings. For this I have to thank
Prof. George F. Barker, and also Mr. D. C. Chapman ; who
sent for the purpose a ruling on glass 6480 lines to the inch,

by Mr. L. M. Rutherfurd.
In reproducing these lines by photography, it is necessary to

employ contact printing ; for no lens would give the required

definition over so large a surface, either for copying a ruling,

or for originating a grating, by reducing from a large drawing
on paper. A ruling one inch square, containing 6480 lines,

would be represented by a drawing 27 feet square, in which
the lines would have a separation of one-twentieth of an inch.

The sensitive plates used in these trials had a hard and very
perfect albumen surface, which admitted of close contact with
the ruled plate. The impression was made by a beam of sun-
light. The resulting photographs were negatives, having
white lines on a dark ground ; the dark spaces being from
once to twice the width of the lines. They gave more brilliant

spectra than the original ruling, and this was doubtless owing
to the greater intensity and contrast of the lines. But it was
found, on examination, that the photographs had an unexpected
defect ; and in investigating the cause of this some interesting

phenomena were noticed.
Am. Jour. Sci.—Third Series, Vol. VIII, No. 43.—July, 1874.
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When a ruled plate is laid upon a film and lighted by a

window, a series of rings or irregular bands can be seen on the

grating, and similar appearances are reproduced in the photo-

graph. These were at first thought to be Newton's rings.

They varied on pressure, but could not be made to disappear

by this means in every case ; as the slightest irregularity of

the film prevented absolute contact. It was found that a

separation of a thickness of paper between the surfaces did not

cause these bands to disappear, but increased their number.
They were therefore not due to the "colors of thin plates."

It will readily occur that these bands are of the same character

as the effect seen on viewing one picket fence through another
or the shadow of a piece of wire cloth through the cloth itself.

The two sets of lines coincide in the light spaces, while in the

dark bands the lines of the two series alternate. In the case

we have to deal with there are one or more reflections between
the brilliant surface of the film and the ruling. The precaution

was always taken to stop reflection from the back of the sensi-

tive plate by backing in optical contact. It may be interesting

to note in this connection that a series of spurious bands can
be seen crossing the spectra of a lamp when looking in one
oblique direction through a glass ruling, the ruled surface

being next the eye. When this position is found, the bands
can be made to cross the first and second spectra, either

parallel to true spectral lines, or obliquely, by rotating the

glass plate in its own plane. These bands are evidently of the

same character as those that have been described.

If we take a photograph which was made with imperfect

contact, and hold it away from the eye toward a lamp, so as

to catch the second spectrum on its surface, we will often

observe one or two irregular bands. If the grating is now
moved further to one side, so that the third spectrum begins to

cover it, a number of bands will make their appearance, and
in the fourth spectrum the number is still further increased.

As a general rule, the light space between the dark bands in

one spectrum is cut through by one or more dark bands in the

next higher spectrum, and the dark band previously existing

becomes a light space. Thus it happens in the higher spectra,

which overlap, we may see two colors in alternate bands and
not the two colors combined, as would be the case in a perfect

grating. In some photographs the contact has been so perfect

that no dark bands appear until the third or fourth spectrum is

reached. The first spectrum is little impaired in any of the
photographs of the 6480 line grating. The most brilliant spec-

trum observed was through a gratiug which showed numerous
dark bands in the second and third spectra. It is believed

that, notwithstanding the defect causing these bands, there is
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not produced a radical change in the accuracy of position of

the lines. As proof of this may be mentioned the constancy
of obtaining certain results now' to be described. The follow-

ing appearances were produced without any visible connection
with the accidental bands on the photographs themselves,

provided they were not viewed by light more oblique than
was required to show the first spectrum.

If two photographs are superposed with the films in con-
tact and the lines brought nearly parallel, the inaccuracies in

the ruling, though exceedingly small, are brought out in a
striking manner. When the lines are brought exactly parallel,

in the copies of the 6480 grating, by Mr. Rutherfurd, there is

presented an almost unbroken shaded surface, excepting that

a periodic error is shown by shaded bands parallel to the lines

72 to the inch. If the plates are now turned a very little on
one another, dark bands make their appearance, crossing the

rulings at right angles, but subject to irregularities. First, the

periodic error shows itself in the zigzag character given to

the bands, and this is strikingly obvious. A displacement of

the bands occurs at one place in the ruling, but after a short

space they again return to their position.

The first or periodic error must be due to the screw of the

ruling apparatus. The second may have been due to a slight

h -placement of the diamond point, by some means,
which continued for a short interval. As the plates are further

turned upon one another, the bands rapidly increase in num-
ber and become nearly straight, and when the lines are in-

clined at an angle of five degrees, the cross bands become too

close and fine for the best eye to detect
In order to get a clear understanding of these appearances,

closely superpose and hold two sheets of ruled letter paper to

the light By crossing the lines more or less a diamond-
shaped lattice work will be developed, and the cause of the

secondary lines will be obvious.
These secondary lines give spectra according to their dis-

tance apart, and we have here a means of producing a variable

grating which may find application in some inve-

By crossing the lines at nearly a right angle a number of ad-

ditional secondary spectra can be seen. First, and most promi-

nent after those due to the original lines, we have the diagonals.

1-1; next 2-1, 3-1 and 4-1, &c; then 2-3. The four latter

have been observed and there should be eight of each. The
only second secondary spectrum observed by lamp-light was
that of 1-1. This observation refers to the 6480 line grating.

The bands developed by superposition were photographed.

This was first attempt ' and the best results:,

were obtained when the light was oblique. But it was found.
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difficult to prevent the doubling and splitting up of the bands

at one end, where the light that entered the lens became more

oblique to the grating, and the irregular bands of the indi-

vidual photographs began to make their appearance. To
remedy the last named difficulty, a lens of longer focus, about

twentv inches soar, was tried, and then by using sun-light a

much better result was secured. It was found altogether best

with the 6480 line grating to move camera and grating at-

tached, so as to make an angle with the direct beam, and into

the proper direction to have the blue and violet of the first

spectrum cover the image. Then the bands came out with a

distinctness not before obtained, and the actinic effect was suf-

ficiently uniform over the whole surface. The resulting photo-

graph 'was transferred to the wood block for engraving, and

the result is given in fig. 1.

3eated with the 2000 line grating, ex-

best to bring the image into the

pace between the direct beam and

be first spectrum. The result is

I given in fig. 8 ; but unfortunately

the minute irregularities so well shown
in the photograph could not be repro-

duced in the wood cut. The first

spectrum was impaired to some extent

in these particular gratings, which

were probably the third reproduction

from the original. The splitting up

of the bands could not be altogether

euted, and a difference in the

uc illumination at the two ends

Next micro-photographs were tried with

the same illumination. The result with the Nobert grating did

not possess sufficient interest to reproduce here. The original

lines were shown. The Eutherfurd grating gave the result repre-

seemed unavoidable
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sented in fig. 2. It was found, by comparing the depth of the
serraturcs with the distance of two bauds apart, that the pe-
riodic error amounted to one-fourth ot t i< iistanee ol tin lines,
or approximately the twentv-six thousandth ol' an inch.
To obtain the results given in Jigs. 1 and 8, the -ratings

were so disposed as to develop the greatest amount of error.
The regularity of the former ruling is brought out by contrast;
but the periodic error so plainly exhibited in li-s. 1 and 2 is

deteete.l with great difficulty in Xobert's uniting. This is

perhaps due to the greater perfection of the screw employed
;

but to a large extent to the abundance of other errors which
have no regularity t

! found, which were as sharp and apparently of
the same character as those i'rom the Eutherfurd grating.

If we place twq whole copies of a grating, as would occur
in respect t-> parallelism if one was bent on itself, making a
folded edge parallel to the ruled lines, the resulting bands
with the irregularities will be symmetrical about the central
line of the ruling. The same position will also give symmetry
about a line at right angles to the original lines, 'provided
these lines are arcs of circles. This will be seen to be the
case in fig. 3, and on counting the whole bands, above and
below the point where the arcs are in effect parallel for a short
distance, we find nine which represent a curvature of two and
one-quarter lines The distance of the lines being known, we
obtain the versed sine and from this the radius ot curvature.
which would be nine feet. A count under the microscope,
with two grating- >iightl\ iverla

j
_ _i\« the curvatun two

and one-half lines. Rutherfurd's ruling gave no evidence of

curvature in the lines when the latter were brought parallel. A
of the bands occurs in both cases, which indicates a

increase in the distance of the lines in going from one
side of the ruling to the other. The inference from fig. 1

would be that this error may interfere with the definition of
the spectrum as much as the periodic error due to the unequal
thrust of the screw during each revolution; for, even granting
that it appears doubled in actual amount in tig. I, it seems to

point to a displacement of one-quarter of a line. This curva-
ture in the bands changes in direction when one plate is rotated
to the other side of a parallel position of the lines. In fig. 3
we have both phases represented, as would be expected from
the curvature of the lines and their consequent reverse crossing
above and below the center. If we consider the greater curv-
ing of the bands in fig. 3 as compensated for by the width of
the ruling, exceeding by one-third that represented in fig. I,

we have yet to take into account that the lines in the former
ruling are three times as far apart, and hence it follows that
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the error due to an increment in the distance of the lines,

in passing from one side of the grating to the other, is three

times as great in the Nobert ruling. In each case the bands be-

come straight in general direction, when one of each pair of
gratings is rotated in the plane of the ruling 180 degrees.

Since writing the above, with the exception of a revision of
the part relating to the photographing of the bands developed

er on this same subject by Lord
Feb., 187

i several points. He mentions, on superposing two photo-

graphed gratings, "the appearance of a system of parallel

bars, whose direction bisects the external angle between the

directions of the original lines." And suggests " the iregu-

larity of the bars, due to imperfection in the ruling when
parallelism is very closely approached, might be made useful

as a test." He speaks also of irregular bands seen on individ-

ual photographs, and says that " the disappearance of the first

spectrum is very unusual ; but that it is common for bands to

appear in the fourth and higher spectra."

His explanation of the cause originating these bands is dif-

ferent from mine. He says "when examined under the micro-

scope, the opaque bar on the copy, which corresponds to the

shadow of the groove (ruled line) of the original, is seen to be
composite ; being not unfrequently traversed along its length

by several fine lines of transparency." And again, "in the

process of copying, the groove of the original is widened into a

bar, whose width depends on closeness of contact, an element
which necessarily varies in different parts of the plate.'' l\\

regard to the definition of a 3000 line grating by Nobert, he
found that "in many cases the definition may be considerably

improved by the use of a diaphragm so placed that only the

central parts of the lines are operative." This observation

appears to show that the Nobert ruling which he examined
also had curved lines, and thatthis curvature injure*} de:inition.

He made copies "not perceptibly inferior to the original,"

and with copies of the 3000 line grating, with a high mugni-
fying power, could " make out nearly, but not quite, all that is

l Angstroms map.
in a Jater paper in the Ms

he speaks of the inferiority of a 6000 line Nobert
later paper in the March number of the same journal,

ks of the inferiority of a 6000 line Nobert ruling to

of 3000 lines by the same maker. It appears to me
important point, which is apparently involved, should

be borne in mind in the manufacture <u gratings; since we
have here an indication, that with 6000 lines to the inch, the
maximum of defining power has been passed ; for the reason
that by increasing the number of lines, a point would be
reached where the error in each turn of the screw, or the gain
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in twist of the same, would, in the width of the grating, equal
Qce between two individual lines. Take, for instance,

the 2000 line Nobert, the errors of which are pointed out in
fig. 3. It would seem that to treble the number of lines
would, in this case, pretty much destroy the effect of the grat-
ing

; since the two errors remain independent of the number of

It is not impossible that an application may be made of this
>f superposition, in studying the markings of diatoms.

In carrying out this plan, besides superposing the shells them-
selves, it may be found useful to employ fine closely-ruled
lines of known value; as in Nobert's microscopic test plate.
Of course, it is to be expected that the higher powers would be
dispensed with ; a much lower power being used than would
be required to separate the lines themselves.
New Haven, Conn., March, 1874.

The observations, of which an account is here given, were
made at various times during the year past, with a view to

le the nature of the zodiacal 'light, so far as it could be
effected by a study of its spectrum, and as supplementary to
the investigations upon its polarization published in this

Journal in May last. Certain of the statements there made
were based upon evidence derived from these observations,
which it is the purpose of this article to set forth more fully.

As the object studied is one of the faintest among those
upon which the spectroscope may be employed, some modifica-
tions were found nee instrument and in the
mode of observation. A "Duboscq spectroscope with a single

prism was employed, the telescope and collimator of which
have a clear aperture of 24 centimeters. The magnifying
power of the former is nine diameters. The instrument is thus
well fitted to ensure the first requisite for the purpose in view,
namely that of admitting a large beam of light, without too
great dispersion. The positions of the spectral lines are ordi-

narily measured by means of an illuminated scale, which is of

such a size tl >ns are covered by the solar spec-

trum ordinarily visible. The image of the slit, when the latter

is one millimeter wide, covers 8-2 divisions ; when it covers a sin-

gle scale di vision, the breadth of the slit is 0122 millimeter. As
it was fou i it to render the scale

visible would greatly weaken, if not obliterate, the faint spec-
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trum to be measured, it was necessary to employ some method
of fixing scale-positions without recourse to the use of a light,

and, in fact, it was found indispensable to exclude all artificial

lights from the neighborhood of the instrument during the

observations, and for some time previous, on account of their

effect in blunting the sensibility of the retina.

The means employed in securing these desiderata constitute

the principal modification introduced, and were as follows.

The short joint connecting the eye-piece with the slid

of the telescope was removed, and another substituted for it,

which was pierced on each side with a narrow opening. In
this, and perpendicular to the axis of the tube, was firmly

fixed a small rectangular frame, in which are two slides, or dia-

phragms, moved by fine screws passing through the ends of

the frame. The latter is of sufficient length to allow each slide

to traverse the entire field. The inner ends of the slides termi-

nate in sharp, straight edges perpendicular to their line of
motion. When in place, they are so adjusted as to be accu-

rately in the focus of the eye-piece. They are thus seen pro-

jected upon the scale, and sharply defined, when the latter is

illuminated. By turning the tube the terminal edges are made
accurately parallel with the lines of the spectrum. As these

are somewhat curved in the passage of the rays through the
prism, the scale was placed in the middlcof the field, and the
measurements made from the middle point of the slides, or, in

some instances, the ends of the slit were covered with bits of
paper, reducing the spectrum to such a breadth that the curva-
ture was small enough to be neglected.

Before making an observation, the instrument was carefully

adjusted, and the scale so placed that the division-mark 50
coincided with the more refrangible edge of the sodium line,

inasmuch as only one of the sides of the slit is movable, and
on opening it the image widens toward the red end only. For
the same reason, in fixing the limits of the spectrum, the
breadth of the slit must be added to the scale-number on the

huible side, in order to reduce the dimensions of the
spectrum to what they would be with a linear slit. The situa-

tion of any point in the spectrum, however faint, could be
determined with a good degree of accuracy by moving the
diaphragms up to it, and then, on illuminating the scale read-

ing its position by the scale-numbers. In the case of well-

defined lines, like that of the auroral spectrum, the error is

not greater than half a division of the scale, and, with care-

fully repeated determinations, may be made cousiderablv less

than this.
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tion, previously mentioned. The room was not lighted, ex-
cept by the diffuse illumination from the sky, and care was
taken to keep the eye secluded from all bright 'lights for a con-
siderable time before each observation. The central portion of
the spectroscope was wrapped round with black cloth to pre-
vent the entrance of any stray light. During the progress of
the work attention was specially directed to three points, which
it seemed important to determine. These were, first, to find
the limits of the continuous spectrum which is alwavs seen,
and to obtain data for comparison with ordinary sunlight and
with twilight; second, to ascertain whether or not the bright
line, which is sometimes visible, is constantly present and be-
longs to the zodiacal spectrum ; third, to discover whether
there is any connection between the zodiacal light and the
polar aurora. A record was kept of the circumstances of the
different observations, and of the state of the sky at the time
they were made.

.
With regard to the first of these questions, repeated exam-

ination showed, as has been found by other observers, that the
proper spectrum of the light is a continuous one. A bright
line is, indeed, sometimes seen, but, for reasons given below,
it cannot be regarded as belonging to the zodiacal light In
its general appearance the spectrum is not different from that
of faint daylight or. of twilight It extends from -

below D to near G. In order to fix its dimensions more defi-
nitely, an extended series of observations was made, and the
limits in both directions were determined with great care.
The slides were usually moved so as to cut off the visible part
of the spectrum by degrees, until it could no longer be seen,
by any effort of vision, and the positions of the limits of visi-

bility were afterward read off on the scale. These varied
somewhat with the state of the atmosphere, bat the determina-
tions made on the best nights agreed verv well with each other.
For the purpose of comparison, those were selected which were
found on a few of the clearest nights. The width of the slit,

m all these cases, was ten divisions of the scale, or l-22mm -

Adding ten to the readings at the lower or red end, as a correc-
tion for the breadth of the slit, the numbers are as follows :

Lower limit, 54, 52«5, 6Y"7, 57"5, 50; mean, 54-35.

Upper limit, 123-5, 119-5, 120, 124, 120; mean, 121-4.

>

Since the intensity near the limits declines bv almost insen-
sible gradations, and the circumstances of the observations at
different times, as atmospheric conditions, sensibility of the
eye, and the like, are subject to slight variations, too great
weight must not be attached to the mean values. They do not
indicate the absolute bounds of the spectrum, but simply the
points beyond which, in general, the light is too feeble to pro-
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duce a definite and constant visual impression. They may serve

for comparison with those of other spectra measured in the same
way. It could plainly be seen, on slowly moving the slides

toward the end of the spectrum, and just before it ceased to be

visible, that the light extended a considerable distance beyond
them, as much perhaps as ten or fifteen divisions of the scale.

The position of maximum brightness was merely estimated,

and was not perceptil >] t of the twilight spec-

trum. The extent and general form of the spectrum are shown
in the accompanying plate (Plate in), where it is marked I.

The appearance of the spectrum, as seen when the slit had a

breadth of only two scale-divisions, is represented in No. V,

but the limits "there indicated are less certain than those ob-

tained in the other cases.

A number of measurements were made, in the same manner,

of the spectrum obtained with light from the sky. It was

admitted through a circular opening, l'75mni - in diameter, in

the shutter of a darkened room, and fell upon a piece of white

card-board some eight feet distant, a few inches from which

was placed the slit of the spectroscope. After a somewhat
prolonged stay in the darkness, the spectrum was seen with

sufficient distinctness to allow of good determinations. Its

brightness was very nearly the same as that of the zodiacal

light, apparently a little ' greater. The breadth of the slit

was as before ten divisions. The mean of five experiments

gave, for the upper limit, the scale-number 132'5; for the

lower, as observed, 45 '6, or, corrected for the breadth of

the slit, 55 "6. The lower limit corresponds very nearly with

that of the zodiacal spectrum, but the upper one is slightly

higher. The difference is undoubtedly due to the fact

that the light reflected from the sky contains a relatively

larger proportion of the blue rays, which would somewhat in-

crease the comparative intensity at that end of the spectrum.

It is what we should expect from the fact that the zodiacal

•rses the atmosphere, while the other is reflected from

it* The discrepancy is very slight, however, and would hardly

be detected in the ordinary method of observing the spectra.

The maximal point was not easy to fix, on account of the very

gradual variation of intensity, but was between 70 and
• •!• the former. It is placed at

74 on the plate, spectrum IV.
Observations on light from the moon, and upon twilight,

showed that their spectra correspond even more close! v with

that of the zodiacal light. In the case of the former, the lunar

rays were received upon a white unglazed card placed a few

inches in front of the slit. The latter being narrowed to two
found to be 47 and 136 -6, the
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point of greatest intensity lying between 70 and 80, and evi-
dently nearer the former. Similar results were obtained with
twilight, the lower and upper limits, obtained with a slit cover-
ing two divisions, being 50 and 134-6, respectively. The lower
limits in each case were corrected by adding the breadth of the
slit.

The accompanying plate exhibits the general character of the
odii »1 spectrum, and its relation to those with which com-
parison was made. The corresponding portion of the solar
spectrum, with a few of the principal Fraunhofer lines, is rep-
resented at the bottom, as a standard of reference, and to show

n and value of the divisions of the scale used in the
it, the numbers of which are placed above the lines.

The band between 50 and 60, marked 6, is atmospheric, and its

place is determined from Prof. Angstrom's chart, and from Dr.
danssen's diagram of the telluric lines. It is the band seen on
several occasions when a very narrow slit was used, as mentioned
below. The line marked a is the principal line of the auroral
spectrum, sometimes referred to the zodiacal spectrum, as stated
in a previous paragraph. The w -ponding to
points in the spectroscopic scale, for intervals of five divisions,
are given in the following table.

The curves represent the relative extent and intensity of the
observed spectra, in their different parts, by the length of the
corresponding ordinates, in the usual way* the shaded portion

longations roughly indicating the apparent extent, as estimated
before the light had No. I. represents the
spectrum of the zodiacal light ; No. II. that of twilight ; No.
1JT. •:.. t i)f mn-pfi-Jii : N<>. 1 V

r
. that of light from the sky;

No. Y. that of the zodiacal light with narrow slit No. VI. is

copied from Prof. Piazzi-Smyth's chart,* and represents the
extent of the zodiacal spectrum, as found in his observations,
with a broad slit, and with a reference spectrum in the field.

In attempting to fix the brightest points of the spectra it

was observed, that when dilfused sunlight is directly observed
- •.' -

'
'

;:.. -.. "
•:•

slit, the maximum is near 50 of the scale. The apparent ex-

* Monthly Notices of the Eoyal Ast. Soc., June, 1872, p. 277.
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tent of the spectrum is not much lessened, and the different

colors are still perfectly distinct. In the case previously men-
tioned, where light from the sky was received into a darkened
room, and rendered extremely feeble, the result was dillereni.

The distinction of colors was nearly or quite impossible, and
the extent of the spectrum much diminished. The red rays

had become almost too faint to affect the eye sensibly, and the

apparent point of greatest intensity had perceptibly moved up-

ward, an effect, which is, of course, chiefly subjective. Its

position was [bund in various ways, as by moving the slides

over the faint spectrum till their edges were most distinctly

seen, or by obsen ing the highest point of the curve which is

formed by the boundary of the spectrum, when produced with

a wedge-shaped slit, or when a thin hollow wedge of glass filled

with ink was placed before the slit. Repeated determinations

of its place showed that it was between 70 and 80, but nearer

the former, and in the plate it is placed at 74. This is perhaps

a little too high, but it is the best approximation the difficulty

of the determination allowed. Quite the same result was found

with moonlight and tv light, and the maximum was sensibly

int as with light from the sky. In some eyen-

! early portion of the investigation, observations

were begun before the close of twilight, and continued upon
cal light until it was certain that the former had en-

tirely ceased. If any considerable difference in the maxima of

the two sources of light exists, it could not have been over-

looked, but none was ever perceptible.

With respect to the second point of the inquiry, evidence

was obtained which leaves little doubt that the bright line

which has been occasionally seen, does not belong to the spec-

trum of the zodiacal light If the negative evidence of scores

of observations in which it could not be detected is insufficient,

there are facts which satisfactorily explain its presence on the

few occasions when it has appeared. Both Prof. Smyth * and
M. Liais,f who have made careful observations, deny that it

belongs to the zodiacal spectrum, and the former gives a con-

clusive explanation of its supposed existence there.
Ti

sufficient to recall the fact that the " '

auroral line i

in the spectroscope even when with the naked eye it could not

be detected in the general illumination of the sky, as it would
not be weakened by dispersion like the latter, and would hence

be relatively intensified. In the course of the many observa-

tions made by the writer, the line was visible on three even-

ings, but on each of these occasions there was an aurora, which

on one of the evenings had a considerable intensity. The

;;;
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whole sky was more or less luminous, either by direct auro-
ral action, or by reflection of the light thus produced The
bright line could be plainly seen wherever the instrument
was pointed, and its position was found to be exactly the same,
whether the light was derived from the zodiacal region, or
directly from the aurora. On the other hand, the bright line
was never seen when there was no aurora.

It remains to consider the question whether there is a con-
nection of any kind between the /<> t i . . light md the polar
aurora. The con-u lerntions mentioned above do not absolutely
exclude the possibility that, simultaneously with the aurora,
and with a certain dependence upon it. some luminific pro-
cess may be going on in space, which would cause the bright
line to appear in the zodiacal spectrum, however improbable
such a supposition may be. But if there were no better
reason, the general invariability of the zodiacal light from
night to night, and the constancy of its presence through-
out

_

all the months of the year, "sufficiently indicate for it

a different cause. Moreover, on at least two of the evenings
when only a continuous spectrum was seen, there was an
•• '<! ''. moderately bright, though not extending to any great

from the horizon. If the two were in any wav related,
w '-' should expect some variation in the zodiacal light coinci-
dent with the appearance of remarkable auroral displays, but
it does not appear that au\ such thing has ever been observed.
Ther a ems to be no evidence that they are not entirely inde-
pendent phenomena.
One or two additional observations may be mentioned here

as of interest. On several occasions when the slit of the spec-
troscope had a breadth of only two or three divisions, the
spectrum at the first glance appeared to end suddenly at about
54 of the scale. Further examination showed light beyond,
<ml that the apparent abruptness of its termination was caused
hy a dark band of about the width of the slit, which was found

t position

doubtless identical
with it, and cause,! by atmospheric absorption.
The spectrum on the most favorable nights was still visible

when the slit was narrowed to ^mo division of the scale, and on
one occasion the opening was reduced to (Ni of a division, that
is, to an actual breadth of 0-073mm - before the light became
imperceptible. As the principal Fraunhofer lines are distinctly
seen with sunlight when the slit is even wider than one division,
it appears very probable that these lines may yet be detected in
the zodiacal "spectrum. Especially is this to be hoped for, if

observations should be made, in the manner described, in
lower latitudes, where the intensity of the light is known to be
much greater.
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The statements made in the p reference to

the zodiacal spectrum, are satisfactorily established by the re-

sults of these observations, from which we may draw the

following conclusions.

1. The spectrum of the zodiacal light is continuous and is

sensibly the same as that of faint sunlight or twilight.

2. No bright line or band can be recognized as belonging to

this spectrum.

3. There is no evidence of any connection between the zodi-

acal light and the polar aurora.

The deduction, drawn from the fact of its polarizir

the zodiacal light is derived from the sun, and is reflected from

solid matter, is thus strengthened and confirmed by the identity

of its spectrum with that of solar light A discussion of the

distri ition of the reflectii

another article.

Yale College, June 5, 1874.

Akt. VII.

—

On the Age of the Copper-bearing Rocks of Lake Su-

perior ; and on the Westward Continuation of the Lake Superior

Synclinal; by Eoland Irving.

During the summer and fall of 1873, I was in charge of a

geological exploration of northern Wisconsin, including the

three counties which border on Lake Superior, on behalf of the

State Geological Survey. This is a region but little known, it

being for the most part unbroken forest, and without inhabi-

tants except in three or four small towns immediately on the

lake shore, the whole coast line, exclusive of islands, having

a length not far from one hundred and twenty miles. It has

been very little examined geologically. Portions were visited

and described by members of the various corps under Dr. D. D.

Owen, 1848-50 ; the easternmost of the three counties, that of

Ashland, having received the most attention. Its general geo-

logical and topographical features are very briefly described by
Colonel Chas. Whittlesey, in the final report of Dr. Owen. In

I860, Colonel Whittlesey again visited Ashland County on
behalf of the Geological 'Survey of Wisconsin, then organized

under Mr. James Hall. The results of his investigations were
never published by the State, although some of them have ap-

peared in pamphlet form and in transactions of scientific socie-

ties. Since that time no further examinations of the region

have been made.
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L Age of the Copper-bearing Series.

Recent observations by Messrs. Brooks and Pumpelly * in
the Upper Peninsula of Michigan, ami bv members of the Can-
ada Geological Survey on the Canada side of Lake Superior, go
ffir toward proving a dissimilarity in age between the "Copper-
bearing Series" of those regions and the accompanying sand-
stones known to be Lower Silurian, two groups always before
supposed to be identical in age. My own in vestigations in north-
ern Wisconsin, and those of my assistant, Mr. K. T. Sweet, have
developed facts which are very interesting in this connection,
and it would seem not unlikelv that in this region is to be
found the key to the whole problem.

Since these facts are not to be published officially for some
time to come, and since there are still investigations going on
in the adjoining States and in Canada, it has been thought
proper to make public the most important of them. It is not
proposed to attempt, in this paper, any general discussion of the
interesting question of the age of the" copper-bearing rocks, but
merely to give the facts that have been obtained, and to draw
the conclusions toward which they seem to point.
Four grand groups of rock are found in northern Wisconsin:

Lw.r> n.tian granites, gneiss and schists; Iluronian slates, schists,
diorites, etc. ; the traps, sandstones, conglomerates, melaphyres
and slates of the Copper-bearing iSeries; and Lower Silurian
sandstones. Besides these there are immensely thick deposits
of Quaternary clays, and of Bowlder Drift.

1. The Laurentian Bocks (underlying the area marked I on the
map), are always farthest removed frem the lake, never being
nearer to it than eighteen miles, in Wisconsin, and generally
being much more distant than this. So far as yet observed,
these Laurentian rocks are granitic, gneissoid and svenitic in
character, although without doubt schistose beds occur, si nee
these are found just east of the eastern line of the district

within the area of the Upper Peninsula of Michigan.f In
northern Wisconsin the rocks of this group are everywhere
overlaid by enormous accumulations of Drift material, showing
through this covering in but very few places. Amongst these
Drift heaps, and in the swamps which everywhere cover the
surface of the country between them, the streams flowing north-
ward into Lake Superior, and those flowing southward into the
Mississippi, interlock in an intricate manner, the former—in a
distance often not more than thirtv miles from their sources to
the lake— falling as much as 600 of 700 feet. From this it can be
seen that their currents must be broken by
falls, which is the case ; many of the single falls reaching

* This J
f T. B. ]
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height of 60 or 70 feet, whilst in one case, that of Black Kiver,

in Douglass County, the height of a single fall is 160 feet.

2. The Huronian Rocks (II on the map and section), which
directly overlie the Laurentian—and unconformably, as shown
bj Brooks and Pumpelly, from observations made by them, in

Michigan, just east of the Wisconsin line—constitute in Ashland
County a continuous narrow belt, whose central portion is the

well known " Penokie Iron Range," and whose width never

exceeds two miles, being usually much less than this. This

belt extends without break into Michigan almost as far as Lake
U.'-rbi.-. where the rocks are lost sight of, being covered by

accumulations of drift, and finally by horizontal Silurian

rocks. They do not re-appear until, one hundred miles farther

east, the Marquette iron region is reached. Here they are

found agaiu with some important changes, and covering a much
wider extent of territory. Toward its western extremity the

Huronian belt appears to come to an abrupt ending, the under-

lying Laurentian and overlying Copper-bearing Series coming
together. Farther west, however, just on the west side of Ash-
land County, are two isolated belts of these rocks, in every

way similar to the main area, each having in the same manner
its 'central ridge. As to the continuation still farther west-

ward of the Huronian, nothing whatever is known, as is in-

dicated on the map by an interrogation point The rocks of

this -roup in northern Wisconsin are siliceous schists, talco-

silieeous schists, black slates of undetermined composition,

white quartz rocks, quartzites, magnetic and specular schists of

various kinds, magnetic and specular iron ores, diorites, diorite

slates and diorite schists. The beds of one portion of the

group, about five hundred feet in actual thickness and continu-

ous for over thirty miles, are impregnated throughout with the

specular and magnetic oxides of iron in proportions varying

from one or two per cent up to sixty and eighty per cent of the

whole. The entire series has a nearly uniform dip west of

north, generally at a very high angle. The thickness never

from 4,000 feet, a figure obtained by actual measure-

3. The Copper-bearing Rocks (marked III a, 5, c, d, e, f, on the

ap and sections).—In Ashland County, next

mediately overlying the Huronian, come the

< beds of the "Copper-bearing Series, which

have—iuciudiiiir all sul.divisions—an apparent thickness of as

much as tour miles, and even more than this on the extreme

east. These rocks form a broad belt in Ashland County, which

- o i lest ;
* its e; -;•

i I. narrowing toward the west, and at

the same time n rrdit,- t'r. i i the lake shore.
^
The most westerly

known portion of the belt is at Long Lake, in the southern end

;::fi
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of Bayfield County. Eastward of the Montreal River, in

Michigan, the belt separates into two: the main area, which
continues without interruption to the end of Keweenaw Point ;

and the " South Mineral Eange," which lies to the southward
of the main belt, and follows the Huronian rocks eastward.

The latter belt runs out in its eastern extension. Between
it and the main area lie horizontal Silurian sandstones.

The southernmost (in a) portion of the group in Ashland
County covers the broadest area. It includes rocks always
highly crystalline, generally very coarsely so, and of such varia-

i mineral constituents, texture, etc., that I have
erupted to name all the varieties, nor -even a considerable por-

n of them. Nearly all of them can. however, be included in

or three general kinds: lahradorite. orthoelase, feldspar,

hornblende, and some varieties of pyroxene, seeming to be the

chief ingredients. The indications of bedding in this portion
of the series are seldom to be seen, but where they are appar-

ent, are marked, and point toward entire eoi; ton liability with

the underlying Huronian.
Next north of, and immediately overlying, the rocks just

described are the beds of that portion of the group which I

have designated in 6, c, d, on the map. These are a series of

< Is 1 4 trap, mostly melaphyres, but of very varying
ehara -t. rs. beine. 1 ;

' ek. .'.lark

green, brownish red. hriek-~red and light pink in color, and
always crypto-en stalline; and in tl e up] < r portion?, beds of a

very 'rema'rkal)3eeo!!_ "ber with a great thick-

ness of sandstone and sh do (ill d). These sandstone and con-

glomerate beds do not altogether overlie the trappean beds, but
are, near the junction, direetlvan 1 unmistakal lr riterstnitinVd

with them. 'There is a sort of gradation from the trap to the

sandstones, the layers of the latter nearest the trap being made
up of coarse trap-sand, whilst on receding from it they become
more and more b •

'. >ns n-d sandstones

of the Apostle Islands. The entire -eries. traps. conglomerates.

sandstone and shales, have a very high dip to the northward,

which is never less than 85°, and i : sndicnlar.

The sandstone, con olo erat nd sh !< b, \< \ v « not as yet

been seen west of Bad River, in Ashland County, but the

traps can be traced uninterrupted! v westward as far as

Long Lake in Bayfield County. The traps of this group
are also largely developed in Douglas County, and there are

sandstone beds believed to belong to the Copper-bearing Series

inly, as will be m i I

ther on.

4. Lower Silurian Sandstones (IV on the map and sections-
North of the north line of that portion of the Copper- bearing

Am. Jodb. Sci.-Third Sebies, Vol. VIII, No. 43 -Jilt, 1874.
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Group just described—which line is also the northerly edge of

the mountainous portion of Ashland County—is a country

having the general character of a plain, though much worn into

g allies near the main water-courses. This plain extends to the

shores of Lake Superior, being widest on the west, and narrow-

plain is everywhere underlaid by a very thick mass—200 feet

or more—of a peculiar red marly clay, which carries a few

rounded boulders and pebbles of erratic rocks, and which

appears to be overlaid by the regular boulder drift wherever

the two come into contact. The rivers and their branches cut

deep valleys into these clays, often showing banks as much as

100 feet high ; but only in four places have any rocks in place

within this area in Ashland County. At A,
small stream called Silver Creek, there is an exposure of hori-

le Apost]
T

'

of horizontal sandstone is only three-quarters of a mile i

zontal red sandstone and shale, having the usual appeal

ndstone and shale of the Apostle Islands. This locality

of the trap exposures on the same stream. The dipping sand-

stones and shales do not show in this vicinity ; but four miles east

they are apparent in great force, having a dip of ninety degrees,

and a thickness of hundreds of feet in sight. No other exposure

of horizontal sandstone has yet been seen on the mainland of

A4i!nnl County, either on its coast or inland. On the coast

of Bayfield County, however, along its entire length, expo-

sures are numerous, as also on the Apostle Islands, of which

the horizontal sandstones are always the substructure, and

where the exposures are often bold and precipitous. These
- are everywhere the same, alternating heavy-bedded

and thin bedded, of a prevailing red or reddish brown color,

with here and there lighter-colored portions in patches ; but

always much lighter in color than the tilted sandstones associated

with the traps.

That these horizontal sandstones are the same as those of the

Pictured Rocks, the eastern side of Keweenaw Point, and the

Silurian basin which extends inland from Keweenaw Bay
nearly as far west as the Montreal Eiver, is not absolutely

proven : the two areas of horizontal sandstones of east and

west Lake Superior being nowhere connected, but always sep-

arated by ro<-ks of the Copper-bearing Group.* That they are,

however, the same, is extremely probably for the following

reasons: (1) Because showing "precisely "the same relations

to the Copper-bearing Series. (2) Because, on tracing them

westward and southward to the St. Croir ™

-

* The distance betwee
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consin, they appear to dip underneath* the lighter-colored Lower
Silurian sandstones of the Missi.-.-ippi Vaihy, of which they
are probably merely the downward continuation ; thus showing
the same relation to newer rocks as do the sandstones of east-

ern Lake Superior. (3) Similar lithological characters, an ad-
missible test, I suppose, for regions so close to one another, and
for entirely undisturbed rocks.

At the two points, marked in e, in Ashland County, are ex-
posures of dark-red sandstone, and sandy shale dipping southward,
as shown on the section. At one of these points, the

easternmost, there is exposed a thickness of at least 2,000 feet

of sandsone, dipping southward, at an angle of 38°. This
,-rivai thickness is actual and not due to faulting. The impres-
sion that these sandstones, exposed at points more than ten miles
apart, are portions of the northerly edge of a synclinal, of which
the vertical sandstones to the south form the southerly, is almost
irresistible. This opinion is strengthened by (1) the difficulty of

accounting for so great a thickness with so uniform a disturbance,

at points more than ten miles apart, by attributing this distur-

bance to a mere dislocation of the Silurian sandstones, which oc-

cur horizontal only a few miles off
;
(2)the occurrence of horizontal

sandstones within the jaws of the supposed synclinal
; (3) the

very great thickness of these beds, which allies them closely to

the vertical beds on the southward, whose total thickness can-

not be less than 10,000 feet
; (4) the occurrence of trap at the

point marked in >.-, a little to the north of the line of the southward
sandstones; and (5) the probability, alluded to farther

on, that there is somewhere in this region of Wisconsin a

synclinal, representing the westward continuation of that exist-

ing between Ke\v« tiaw Point and Isle Royale.

Following the shore of Lake Superior westward from the

Apostle Islands, the horizontal sandstones can be traced with-
out break until Douglas County is reached, when they disap-

pear from the coast—which is here altogether of red clay marls

—

but appear constantly in the beds of the many streams flowing-

i into the lake. On ascending these streams to the-

;. the red sandstones can be traced to their junction
with the trappean beds of the Copper-bearing Series, which
here dip, wherever the dip is observable, at a comparatively low-
angle to the south. The sandstone beds continue horizontal, or
with a vf'rv slight dip northward, to within a short distance of
the trap, when, in most instances, they show a remarkable
change. In one case, however, they continue to within
twenty feet of the trap without change, the exact junc-
tion being concealed by an eroded gulley. At Black River,
for three hundred feet from the trap, the sandstone is broken up

,

* D. D. Owen, Report on the Geology of Iowa, Wisconsin, and Minnesota.

.
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in every conceivable manner, the misplaced layers clipping in

all directions, and in its immediate vicinity making a sort of

brecciated mass of fragments of trap aud sandstone. This ap-

pearance is presented along the perpendicular side of a gorge,

whose depth is more than a hundred feet, and is said by my
assistant Mr. Sweet, who made all the observations in Douglas
County, to be caused, beyond question, by no mere surface dis-

placement, but by the general disturbed condition of the sand-

stone. On passing down the gorge to the westward, the sand-

stone layers become gradually less irregular, taking a prevailing

northerly dip, until. 300 feet from the trap, they grade imper:

ceptibly into the ordinary horizontal beds. Passing up the

gorge to where the river falls over the trap, with a fall in all

over 160 feet in height, the beds of melaphyre are found dipping

soutliward at a low angle. On all of the other streams exam i IM I

.

the horizontal undisturbed layers of sandstone were found com-
ing much closer to the trap, but in all except the one already

cited, showing the same peculiar disturbance, although on a

smaller scale.

map, where they compose a well marked ridge known locally

as the " Copper Range." This ridge, with its constituent traps,

can be traced some distance into Bayfield County on the east,

but exactly how far is not yet known. These trappean beds

carry here no intercalated beds ofsandstone and conglomerate, and

have in appearance, texture. &c, more similarity to the rocks

of ill a in Ashland County than to the more northerly beds of

in b. They appear, on the whole, to be rather more similar to

the traps of Isle Royale than to those of Keweenaw Point, and

other places on the southerly shore of the lake. South of the

except the line of the Brule River.

swampy and comparatively level, without many rock-exp eurea

The line of the Brule River was explored by members of Dr.

' Copper Range," the county "has not been explored geologically

described as

»ck-exposur<

jmbers of I

D. D. Owen's corps, and trappean beds found much farther up
the stream (at a point marked in x on the map). Still

farther south the horizontal red sandstones are again ,found (at

points marked IV), and can be traced southward until they dis-

appear beneath the lighter-colored layers of the M
Valley.

Having stated, as briefly as possible, the main facts thus

far known of the geology of northern Wisconsin, it becomes

necessary, in order to show their bearing on the question of the

age of the Copper-bearing Series, to draw attention to the fol-

lowing points. The great belt of rocks of this seri

extends southwestward from Keweenaw Point to Long Lake in
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Wisconsin, forming the lake shore as far as
and then receding therefrom, includes altei
melaphyres, basalts, porphyries, sandstones an.
which have always a northerly dip. inereasi
amount toward the west, from a low am.de on I

to a vertical position on Montreal and Had Rive
s most northerly portions are exelusi

the ckue:
10,UOO leet. Inasmuch as the traps, sandstones and eonirh »mer-
ates are directly and conformable intcrstratitied, and tilted
together at various angles, it follows that the lirst named, whether
ejected in a molten condition or not. must have hem ori-duallv
in a horizontal position ; that the uppermost sandstones must
have been formed after the last outflow of trap: and hence, that
the present tilted position of the sandstones was not caused by
trappean ejections, but that the traps themselves were tilted bv
the same force that tilted the sandstone.* and at the same time.
In other words, this whole group has undergone an ordinary re-

''"'
.
ami th ).,uhng "1 h'.rizi ntnl l„d* in Jos, j,,'..r-

iiiitfg ^ ,>,., us ,,, n ,\
/
,; l . :,„ r •, .- . , nun , than

heds, as it would be in any other case of nnconforma-.-iUty.
The conclusions, then, that I would draw are these:
1st. The beds of the Copper-bearing Series, and those of the

Hni'enian Series, were once spread out 1

another, including the whole series e-t tilted sandstones ..f the
Montreal River; that they were disturbed bv the same force,
ail(

J
received theii pn sent t

7

p siti » s it t'lu same tinu as
evinced by the conformabilitv of the two .-cries throughout.

2d. That the horizontal sandstones of the Aposde Islands
and the western end of Lake Sup rior were laid down subse-
quently to this tilting, and also to an immense amount of cr< -sion,

and that the sandstones of eastern Lake Superior were formed
at the same time.*

_
As evinced by (1) the occurrence of horizontal sandstones in

of tilted sandstone and trap-, in Ashland
County

; (2) the occurrence of the same on the Apostle Islands,
within but a few miles of the tilted beds of the Montreal : { S)
the direct actual contact of tin horizontal sandstones in Douglas
County with the melaphvres ol the C >oper-beariie_! Seri -. here
dipping southward, and (5) various other proofs cited bv

nd Pumpelly in the article previously alluded to.

3d. That hence the Copper-bearing Series' should rather be
classed with the Archaean than with the Silurian.

*As already shown by Brooks and Pumpelly.



54 R. Irving— Copper-bearing Rocks of Lake Superior.

The only difficulty in the way of these conclusions lies in the re-

markable phenomena presented at those points in Douglas

County where the horizontal sandstones are found joining

the traps. The first explanation that offers itself is naturally

that these remarkable disturbances were caused by the protru-

sion of the trappean beds through the already formed sand-

stones. In answer to this it may be said, (1) that it is exceed-

ingly doubtful whether the protrusion of molten matter through

horizontal layers of sandstone would produce any such effect,

—

at least I cannot conceive how it could : (2) that this remarkable

disturbance is unaccompanied by any hardening of the rock, ap-

pearance of baking, or other evidence of great heat
; (3> that it

these trappean beds are of the same Copper-bearing Series as

those in Ashland County, then the proof of unconformability

there found is conclusive of the greater age of the traps as com-

pared with the horizontal sandstones ; and (4) that hence we must

find some other explanation of these phenomena. The only

one that appears at all acceptable to me is that the traps, being

deep-seated and non-continuous with the comparatively

superficial sandstones, would, if impelled to move by any

force, tend to move, to some extent, independent^ of the sand-

stones, and would, by an exceedingly slight motion northward

against the latter, produce precisely the effect observed.

II. Westward continuation of the Lake Superior Synclinal.

Foster and Whitney long since pointed out the fact that the

Keweenaw Point beds and those of Isle Royale formed the

opposite side of a synclinal in which the lake lies, not im-

probably without other filling than its waters. On a diagram

showing the "Systems of dykes," accompanying Agassi*':?

"Lake Superior," issued in 1850, I find a dotted line with a

query made along the center of the peninsula of La Pointe, or

Bayfield, indicating that possibly it has a trappean core and

owes its projection into the lake to that core. I think there

is reas >n t . believe thai this is true, and that the core of that

peninsula, with the Douglas County traps, forms the westward

continuation of the Isle Royale or northerly side of the syn-

clinal just alluded to; that "hence this synclinal trough, in its

westward extension, does not hold the lake, but passes entirely

on to its southerly shore, and that it is not improbable that the

line of southward-dipping sandstones, in Ashland County,

marks the southerly edge of the northern side of this synclinal.

However, inasmuch as there is no direct proof that the

trough between Keweenaw Point and Isle Royal e ifl

synclinal without subordinate folds, these southward-dipping

sandstones may represent one of these subordinate bends

rather than the northerly edge of the trough, and this seems

the most likely supposition.



R. Irving— Copper-bearing Rocks of Lake Superior. 55

The arguments in favor of these views are as follows :

1st. The belt of rocks forming the southerly side of this
synclinal is known to continue far westward into Wiaoottria
It is therefore to be suspected that the northerly side baa I

2nd. If this northerly side does continue westward, it must
be entirely under the waters of the lake, or on the southern
shore, since on the northern shore the rocks are altogether
different.

3d. This westerly continuation of the northerly side would
preserve some sort of parallelism to the southerly'side.

4th. The peninsula of Bayfield. Isle Royale, and Keweenaw
Point have the same general trend.

5th. The copper-bearing melaphyres, &c, of Douglas and
Bayfield Counties dip, wherever the dip is observable, to the
southward,

6th. The northerly dip ofthe beds of the Keweenaw Point belt
gradually increases in degree as the r

from Keweenaw Point, where it is low, l

gradually increases in degree as the rocks are traced westward

where it is vertical. This being the ease, it would be
expected that the two sides of the synclinal would approach
one another in their western extension, which is in accordance
with the tacts, whether the southward-dipping sandstones be
regarded as marking the northerly edge or not.

7th. If the supposition be true, then, on the northerly side

bserved dips ,

Qtry immediately underlaid by the outcropping edges

suppc
vhere all the observed dips are from 25°

ould be much broader than on the southerly side whe:

That this is the case is very evident from
facts already stated. If the synclinal be regarded as simple,
and the southward dipping sandstones of Ashland County
be taken as the southerly edge of its northern side, then an
average dip of as little as 25° to 30° would be required to

Bpead the whole thickness from the line of the southward-
- far as the middle of the peninsula of

Bayfield. If, however, the synclinal be regarded as having a

subordinate fold, then the dips may be of much greater amount.
For many reasons, not necessary to enumerate here, I regard
the latter of these as most probably the case.*

8th. The strange absence of intercalated beds of sandstone
and conglomerate with the traps of Douglas County is thus
explained, since the most northerlv portions in that county

and County. Hence
ies would be looked for in Douglas County

in the unexplored region south of the Copper Range.
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9th. The greater similarity of the Douglas County traps to

those of Isle Royale, than to those of Ashland County, goes to

confirm my views.

The dotted lines, then, on the accompanying section give

my explanation of the structure of this region, in accordance
with the foregoing facts and views.

It should be said that the trappean beds of Douglas County
have been traced for some miles into the Bayfield peninsula,

and can without doubt be traced still farther, but that they can
certainly never be actually seen toward its extremity, since

the covering of drift there is enormous, and since at some
point they must pass beneath the horizontal sandstones of the

Apostle Islands, and of the coast of the peninsula. It should also

be said that much of the area south of the Copper Range in

Douglas County, between the explored region and the line A
B, which marks the supposed southerly edge of the northern

side of the great synclinal, or else the line of the axis of the

ite fold—which area I have supposed to be immedi-
ately underlaid by beds of the Copper-bearing Series—may be
found to show horizontal sandstones, since there is no telling

how far these may have been laid down on the upturned beds
of the former mentioned series.

One more point suggests itself as affording strong proof of the

greater age of the Copper-bearing Series as compared with the

I sandstones. I refer tol id aluminous
character of the Lower Silurian sandstones ofLake Superior, as

e<> iiMi'.-l vvitli the !i._i it e .1 >red, quartzosc sandstones of the

Mississippi Valley, which are either approximately or identi-

cally of the same age. If the Copper- bearing traps are older

than the horizontal red sandstones, then the latter derived

their material from the wear of these traps, which are remark-
able for their low amount of silica, considerable percentage of

and prevailing content of iron (as mag-

netic iron). Many of these sandstones are almost a trap sand.

The beds of the Mississippi Valley, however, derived th
"

material from the wear of the Huronian quartzites, and Laun
i quartzose c

Akt. VIII.

—

On tie Parallelism of Coal-Seams ; by E. B.

Ix the April number of this Journal, Dr. Newberry calls

in question my views of the general parallelism of <-.

derived from the study of our Ohio Coal-measures, and thinks
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them not only " untrue" but "calculated to do positive and
practical harm." The only point of difference between us, of
any interest to science, is whether the ancient shore lines, with
their coal-marshes, subsided in an even and uniform way, or
very unevenly, so as to bring eaeh in;ir-h to greallv \ar\ing
depths below the water level. I am led to hold the former
opinion, while he strenuously maintains the latter. In my
district, and in the portions of his district—i. e.. the one under his

special supervision— that 1 have examined, and also in the bor-
dering States of Wot Virginia and Kentucky, I find a general
parallelism of the seams of coal, implying an' even and uniform
subsidence. This makes system possible and stratigraphy
useful in our Coal-measures. If, on the other hand, the subsi-

dence were uneven and irregular, no coal-seam can have its

proper and. exact horizon, and all things are in confusion. If,

for example—and I quote one of the cases given by Dr. New-
berry in his article—coals No. 8 and No. 9 are, at one place, 150
feet apart, and have three coal seams, 8a, 8b and 8c, intercalated

between them, and a few miles away they are only 50 feet apart.

with no intercalated seams, the mind is left in confusion and
perplexity, and the practical identification oi <•,., I -seams is well
nigh impossible. The theory of m qu: subside) es, of "very
local subsidences," of

'

1st rata," is itself very
confusing, for it requires us to believe that the old shore-areas

held themselves in statical equilibrium near the water's edge
during the long periods in which the vegetable matter of the

coal-marshes was accumulating, and then settled below the
water level with ail -.u-n of pitch.- and irr -e. darbies. That
there could be such alternations of perfect rest and equipoise,

with irregular and lawless subsidence, in a region never dis-

turbed by igneous or other forces which have loir any traces of

themselves, appears rh.-..ivricidly hirrhh improbable. Accord-
ing to Dr. \ sections, while his coal seam
No. 5 settled down 20 feet in one place, it settled in another

130 feet, and farther on in the same direction only 82 feet.

Among the illustrations and proofs of this confusion-theory

adduced by Dr. Newberry, is the varying distance between his

coal seams No. 1 and No 2. That the Briar Hill, or lowest

seam in Mahoning and Trumbull Counties, is very irregularly

bedded, I readily concede. It was laid down in patches and
strings in the depressions of an uneven surface of Waverly or

rate, a surface which had probably been long sub-

jected to sub-aerial erosion. When this very undulating sur-

face, with the coal-swamps filling its basins and winding hol-

lows, subsided below the ocean, the introduction of the proper

Coal-measure stratification began, and then occur horizon-

tally arranged sediments. Hence, the next seam of coal
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above is, according to Mr. Reed, in a "perfectly horizontal

position" over areas where No. 1 shows great irregularities.

Now, what I should expect in northeastern Ohio would be

this : That all the subsequently formed seams of coal would be

formed under the conditions of No. 2, and not after the manner

of No. 1, whose conditions are entirely exceptional. The low-

est seam of coal in Jackson County, in my district, is similarly

uneven ; but the next seam above—the Anthony seam—is per-

fectly regular and uniform, and in parallelism with all the

seanis above it. This parallelism is turned to practical account

in the sinking of shafts and other exploration-; for seams of

coal. The position of one being known, that of the rest is

known. With the other alleged proofs of irregular subsidences

I have no personal knowledge, excepting of the case drawn

from the region of Belmont and Guernsey Counties, directly

bordering my district. This is the case already referred to

where coals No. 8 and No. 9 approximate, with a loss of three

ted seams, viz: 8a, 8b, 8c. I have specially in vesti-

gated this case, and find no tendency to convergence between

No. 8 and No. 9. Everything proceeds westward regularly.

For example, the (so-called) intercalated seam No. 8c is one of

the great and continuous seams of my district, and sweeps

through county after county, always 85 to 100 feet above No.

8, or the Pomeroy seam. Now, if the plane of seam No. 9,

starting on the Ohio River, near Wheeling, at an elevation of

150 feet above No. 8, gradually dips to within 50 feet of No.

8, cutting the plane of the great seam, 8c, in its passage, we

have in this the most wonderful fact in all the stnuigrap i\ of

coal fields. The faith of scientific men in this fa et will b. ! 1 velier

when Dr. Newberry points out the line of intersection of the

two coal planes. I have used his numbering of the a

There is very great difficulty in accurately numbering our Ohio

coal-seams, if we begin at the base of the series, since such are

theinequaliti a tike rarfeoeof the Waverly that coal No. 1

in one place is not coal No. 1 in another, and consequently, sec-

tions taken at different points, and, especially if so taken by

different men, working without concert and not colla

work in the field, will be very conflicting. The make-shift of

* iut-r<Mhit.'d «"\u\a" onlv adds to the confusion.

Dr. Newberry's method, of condemning my views on the au-

thority of names, is one often used, but it has no place in sci-

ence.
"
I could adduce many and great names in favor of

my theory of general parallelism. Of course, I do not claim

parallelism in any absolute or mathematical sense, for no marsh

would constitute a perfectly even plane ; and in the subsequent

compression of the sediments between seams of coal, the oozy

mud in one place would be more compressed than the sands of
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another. This would give a little undulation to the planes of
the coal-seams. J have recently found some interesting illus-
trations of this. But I hold to a general and well-marked
parallelism, such as makes the stratigraphy of our coal-fields
a system of symmetry and beauty, and of the highest practi-
cal value to all who wish to know the location and range of

SCIENTIFIC INTELLIGENCE.
I. Chemistky and Physics.

! compounds of acetylen
derives the formula C 2 II 2Cu 2

for the copper salt, eithei

CII C

«(cxoh) - t'>
c°*+H*°;

and the similar formula C oH2 Acr2 for the silver compound.
Its formation is thus given :

"

Cu
2 Cl2 (NH 3 ) 2 -fH 3

0+C
8
H

2
=C 2H s

Cu 2 0-f(]S
!H

4
Cl)

2 ,

and its decomposition by acids thus :

C 2H 2 Cu 2 + (HCl) 2=C 2H 3
4-Cu

2
Cl 2+H2 0.

Hie acetylene used for the preparation of these compounds was
I irith alcoholic potash.

1
'"

1 ' !l i<; estimation of acetylene in* gaseous mixtures he proposes to
e the content in copper of the precipitate obtained by pass-

ing the gas through an ammoniacal solution of cuprous chloride.
This precipitate should be washed with warm ammonia water so
long as the wash-water remains blue or contains chlorine. It is
ti

.

i " 11 dissolved in nitric acid, evaporated to drvuess in a platinum
dwh, ignited, and weighed. The Konigsberg" gas examined in

this way, ten liters being drawn through the solution, afford, d in

p
v " parallel determinations -063 and -0(J4 per cent of acetylene

by volume. The production of acetvlene bv a Bunsen burner
burning at the bottom of its tube was noticed by Rieth. The

ds that a gas. which gave in its combustion-products
when burned as usual in such a burner 0'120m , or '08 percent by
volume of acetylene, afforded when burned below, by ordinary
u'as,,metric anafvsis Q-'Mi, and bv the copper method 0*80 per cent

-V Volume, twelve'times the origin I .piantity.—Ber.
Berl. Chem. G,,s., vii, 2 74, March, 1874.

"

g. f. b.

2. On Euctt!yrtol.—Y\v>T and IIomi.vi.r have critically ex-

amined thel "<iyj' r '1 !,y Cloez, which consti-

tutes the principal portion of the ethereal oil of /;>'"/;,'".< yl>-

hvlus. It was prepared by fractional distillation from this oil,

three kilograms yielding 600 grams, boiling between 174° and
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180°. Fractionated over sodium, a liquid was obtained boiling
constantly from 171° to 174°, entirely soluble in absolute alchohol,

ether and chloroform in all proportions, and in fifteen parts of 90
per cent alcohol. Its behavior generally is that of a terpene,

which its odor resembles. It absorbs oxygen with avidity and
resinities, which fact explains its variable boiling point. Sul-

phuric acid turns it brown and dissolves it ; water sets it again
free. Nitric acid of sp. gr. 1*4, diluted with two parts of water,
converts it into paratoluic and terephthalic acids. Elementary
analysis gave 88*74 of carbon, and 11*48 of hydrogen, nearly cor-

to the formula C 10H 16 . Suspecting an associatedn.,.,0,

drocarbon poorer in hydrogen, the authors polymerized the

eucalyptol and after dilution distilled. An oil was obtained boil-

ing constantly at 173 -4°, and having the composition of cymol.
Conversion into the barium salt of the sulpho-acid confirmed this

conjecture. Hence the eucalyptol of Cloez is a mixture of cymol
with a terpene, which may be called eucalyptene. It is

that not over 30 per cent of cymol is present. The significance

of these facts, in view of the prominence assigned to the leaves

and ethereal oil of this plant in the medication of the day, is ob-

vious.—Ber. Bert. Chem. Ges., vii, 63, Jan., 1874. g. p. b.

3. Compounds of Thallium with Ab-ohol-rndlcah.—Though
the atomic weight of thallium has been fixed from its specific

heat, as determined by Regnault, yet its analogy with lead on the

one hand and with potassium on* the other, renders a determina-
tion of the vapor-density of some of its organic compounds di lia-

ble. Hartwig has accordingly undertaken, in the laboratory of

Professor Carius in Marburg, the solution of the question. By
the action of a solution of thaliic ehiorhh in ether u] on zinc-, thyl

in slight excess, mixed with twice its volume of ether, the chloride

of thallium-diethyl is obtained, according to the following equa-

TlCl 3+Zn(C 3
H

5 )2=Tl(C2H 5 ) 2
Cl+ZnCl 2 .

The chloride separates as a cream-like mass which is y
recrystallization from hot water. It forms beautiful satin-like

radiated crystals, difficultly soluble in water, and alterable by
light. It may be heated to 190° without change; but then it is

decomposed with a slight explosion into thallous chloride and a

Ejas. Analysis fixed its composition as above. By
double composition, the sulphate, phosphate, nitrate, acetate, and
iodide of thallium-diethyl were obtained. These thai!;

compounds are distinguished clearly from those which tin, mer-

cury or lead forms with the alcohol radicals by the fact that they
umler'-ro no decomposition on treatment with silver oxide. By
decomposing the sulphate with barium hydrate, thallium-diethyl

hydrate was prepared. It is twice as soluble in cold as in hot

water, crystallizes in tine silky needles, and decomposes with
explosion at 211°. Its solution blues red litmus paper strongly,

but is remarkable from the fact that a current of carbonic gas

may be passed through it without the formation of a trace of car-
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bonate. All attempts to form from this body thallium trier!, vl
though its existence is eminently probable, resulted ne at .

. V
Neither it, nor thallic chloride itself, when he.it, ,1 uith /u -.,. -i,:

|m excess, to 110° or 150 . l':ivc an\ thal!imn-1 rh-thv] t lie product
being metallic thallium, zinc chloride an. 1 -;

l M<'"il' nic II i

Subsequently, Camus himself, in connection with r'uo.NMf ii i i/
undertook the preparation of thallium-tri.-thyi Thallium di thvl"
chloride, heated in sealed tubes with mercury-ethyl to |:,n ,*,,•

160°, afforded a colorless liquid about equal" in yol-inie to the
mercury-ethyl used, which was butane. The reaction is

•

T1(C2H 6 )2Cl+Hg(C 2H 6 )3==(C4H l0 ) a +TlCl-|-H.r.
Metallic thallium heated with mercurv-cthxl in sealed tubes to
160°-170° gave no more satisfactory result's.— /;,,-. /;,,/. C/,, m
(ies,x\\, 298, 302, March, 1874. G . F. B.

4. Taurin W f. L th!.. ,,,,„/,/,.- Si.yiskiii ii ha- M-u-lit to repeat.
under Ladenburg's direction, Strecker's synthesis of taurin. The

ate employed fused at 135° instead of 130° as
state,! by Streeker. Heated in an oil hath to 2lu = -230° for sev-
eral days, it underwent no perceptible change. The temperature
was then raised to 230°-240°; decomposition took place and the
mass foam. irs. the syrupy ma<s was dissolve.!
in water, boi .rated, and
the solid residue reerystaUized fr.-m ah-ohol. The warty crv>tal-

!

I!M
-' mas8< by almost

in alcohol. After repeat iliag alco-
hol, the fusing point became constant at 190-193 . Pota-ium
hydrate evolved ammonia from it. and it was readily soluble in
water. Analysis gave the formula of isethmnamide, C

2
H 7NS0 3 .

Nnee it differs entirely from taurin in its properties, it follows
that taurin cannot be the amide of isethionic acid.—Ber. Berl.
them. Ges., vii, 391, April, 1874. G. F. b.

5. Condensation of Acetylene by the Silent Ehrtric Discharge.
P. and A. Thenakd have succeeded in condensing acetylene gas

to the liquid and even to the solid condition by submitting it to the
*iu-ur electric discharge or "effluve," in an apparatus contrived by
!

.

! " 1
itter. In one experiment, the gas condensed at the rate- of

tour or five cubic centimeters per minute, there being deposited
upon the sides of the tube a solid body, of the appearance of horn,
very hard and of a wine color. On analysis, this substance af-

forded the composition of acetylene gas, of which, therefore, it is
a polymer. It is not acted on by the most energetic solvent-, fum-

aeid, in the cold, beinu effect on it.

They have not yet succeed, d in di-ti Lin- it. < >p rating in a dir-

tier, the authors have obtained a liquid body, also hav-
ing the composition of gaseous acetylene. Owing to the minute

produced, it has not been fully examined. Bekthelot,
in the discussion which followed, called the attention of the Acad-
emy to the active condensing power of this silent

Acetylene, however, is one of the more easily condensible gases,
benzol being only tri-acetylene. By means of zinc chloride he had
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obtained a solid product of condensation from benzol, not volatile

at the temperature at which glass fuses. He had called it bitu-

mene : Thenard's product was undoubtedly of the same kind, per-

3 condensed.— C. B., lxxviii, 219. Mcmiteur Scientifiqite,

, 265, March, 1874. a. f. b.

6. N~itro->-->)i'p<»i,i<h <>/ 'h< AU;/i -</ !>*.—Brackebusch has con-

tinued his researches on the production of nitro-derivatives by-

means of bromides. When bromallyl is treated with silver nitrite,

a violent action takes place, and upon distillation there passes

over two liquids, the lower of which is a heavy oily substance of

a yellow color, which boils at 96° and gives on analysis numbers

agreeing with those required by nitro-propylene, C 3 1L\<> 2 .

Treated with alcoholic soda solution, the compound C 3H 4
NaN0

2 ,

sodium-nitro-propylene, is produced ; in complete analogy with the

nitro-derivatives of the fatty series. Potassium acts similarly.

On reduction with acetic ac'nl ami irou-lilings, saturation with so-

dium hv< irate aid distillation in a current of steam, allylamine, 3

HjNHj, was obtained. The lighter of the two liquids, forming

e in the preparation of nitro-propylene, gave similar

percentage numbers on analysis. Nascent hydrogen evolved from

it ammonia and it boiled at 85°. It was separated from the nitro-

j.r..m-h-ne bv s lutiouin' it* . It miw there ton have been allyl

idtnte, (' II..O.NO.—Ber. Berl Chen,. Get., vii, 225, March,

1874.
'

G. F. b.

7. Bepulsion due to Heat—Professor Crookes has recently com-

municated to the Royal Society the result of some experiments

fch a balance for weighing bodies at a different temper-

ature and atmospheric pressure from surrounding objects, and with

whlrh be found that at high temperatures the weight appeared

to diminish. A straw beam carried masses of pith-ball at each

end, and was enclosed in a glass tube connected with a Sprengel

pump. The tube being full of air, a spirit flame was passed

across the lower part, when the pith-ball descended slightly, and

then rose to above its original position, as if there was first an

attraction. in<tami v overcome by the air-current. The same effect

was obtain-. -"ater at To
,
the pith-

less rapidly in the latter case. The pump was now set to work,

when the action became less and less, until with a pressure of

7 mms. it ceased entirely. It seemed evident that the effect was

due to air currents, and that in a vacuum no action wc
Continuing the exhaustive power, it was found that w:

of 3 mms. the pith

rther exhaustion

produced a similar

descend. Numerous experiments were tried, which proved that

the action was not due to electricity. A platinum spiral rendered

losed in the



near as possible to the source of heat, when air of ordinary den-
sity, or even rarefied, surrounded the balance. When the mv-muv
was 5 rams., the attraction was still strong With a pressure of
£ mm., the attraction was still perceptible, but only feeble. The
working of the pump was continual for vunc time, when the attrac-
tion became nothing. The pump being kept at work for an h ur
longer, a faint but unmistakable repulsion was detected. Tiiis
effect increased when the pump continue.! to work for M-veral
hours. The pump tubes were now washed with sulphuric arid.
and at the end of an hour the spiral was found to be eneno ticallv
repellant. The fingers, a spirit flame and other sources'of heat
produced the same effect. By chemical mean-, a vacuum was
formed so perfect that it would not transmit an electric current,
when the repulsion was decided and energetic. Projecting on a pith-
hall balance the different portions of the solar spectrum, the repul-
si "i' w:is>o worked as to enlarge the apparatus. On repeating
<- avendish's experiment, he found that in air the large mass when
colder than the ball, repelled it, and when hotter, attracted. The
opposite effects were obtained in a vacuum. Similar forces showed
themselves with a variety of substances, as metals, ivory, char-

After showing that air currents cannot be the cause of these
'notions, he refers to this repulsive action of heat in Nature, and
states that it is not improbable that the attraction now shown
to exist between a hot and cold body will equally prevail when
for the temperature of melting ice is substituted the cold of space,
for a pith-ball a celestial sphere, and for an artificial vacuum a
stellar void. In the ra :gv of cosmical masses
may at last be found that "agent acting constantly according to
known laws " which Newton "held to be the cause of gravity.—
Quart, Jour. Sci., xlii, 274. e. c. p.

8. Double refraction of a Viscous Fluid in motion.—Professor
Maxwell, in a paper before the Royal Society, states that a
Vl ^" - thii 1. a,, rding to Poisson, behaves as an elastic solid

,hpu tit d for an infant, and -olidifi-d again. >o that at
each fresh start, it becomes for an instant like an elastic solid
free from strain. The state of strain of certain transparent ho, lies

ma\ !,e hm -rigat d by this action on polarized light. This action,
observed by Brenslet, was shown by Fresenel to be an instance of
double refraction.

To ascertain whether the state of strain in a viscous fluid in
motion could be detected by its action on polarized light, a cylin-
drical hoX was made with a glass bottom. In this a solid cylinder
could be made to rotate, and the fluid to be examined placed in

r space between the cylinder and the sides of the box.
Ul «';i- thrown up r

:
;:'. - the axis,

whih the cylinder was made to rotate. No effect was, however,
i of gum or syrup. Canada balsam, which

had been very thick and almost solid in a bottle, affected the light
when compressed.
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It is easy, however, to observe the effect in Canada balsam,

which is so fluid that it rapidly assumes a level surface after being

disturbed. Put some Canada balsam in a wide-mouth ed square

bottle ; let light polarized in a vertical plane be transmit i .

the fluid j
observe the light through a Nicol's prism, and turn the

prism so as to cut off the light ; insert a spatula in the balsam in

a vertical plain- passing through the eye. Whenever the spatula

is moved up or down in the fluid, the light reappears on both sides

of the spatula; this continues only so long as the spatula ii in

motion. As soon as the motion stops the light disap;

i light indicates.

If the motion of the spatula in its own plane, instead of being

the plane of polarization, is inclined 45° to it, no effect is observed,

showing that the axes of strain are inclined 45° to the plane of

sheering, as imitated by the theory. Among transparent bodies

there is considerable diversity in their action on polar

If a small portion is cut from a piece of annealed glass at a place

where the strain is uniform, the effect on polarized light ceases as

soon as the glass is relieved from the stress caused by the unequal

contraction of the parts surrounding it. But if a plate of gelatine

is allowed to drv under longitudinal tension, a small piece cut out

of it exhibits the same effect on light as it did before, showing that

a state of strain can exist without the action of stress. A film of

gutta percha, which has been stretched in one direction, has a

similar action mi light, If a circular piece is cut out of such a

stretched film and warmed, it contracts in the direction in which

the stretching took place. The body of a sea-nettle has all the

appearance of a transparent jelly, and it seemed as if spontaneous

of light transmitted through its body. It p

even a considerable pressure mi_ nit affecting

tin iiirht, showing, as may be seen by dissection, that the sea-

nettle i- not a true jelly, but consists of cells filled with fluid.

These instances suggest a means of studying the various liquids

so as to determine whether thev differ from solid* in having.-i

very small rigidity, or in having a small time of relaxation, or in

both ways. These, which like Canada balsam, act strongly on

polarized light, have probably a small rigidity, but a sensible time

of relaxation. Those which do not show this action are probably

much more rigid and owe their fluidity to the smallness of their

time of relaxation.— Phil. JA/y., xlvii, 390. B. c. P.

9. Spectroscope with Fluorescent Eyepiece.— M. Lovet has

employed a specrrosenp in which a plate of some transparent and

fluorescent bodv is oiaeed at the point of the e,l .serving telescope,

and then viewed through the evepiece, which is inclined at an

angle. The ft no, -em plate mav he made of uranium glass, or

istance apart containing

rent liquid between them T« _,t angles on

I he glass take the place of cross-hairs. It is a good plan to inter-
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of cobalt blue glass to cut

With uranium glass the flu

tinguish very clearly the Hues .Y, atid even 0. The spectrum
I that of quinine.

Kose-mipthaline (Magdala) give's good results tor the ultra-violet

portion as far as Jl ; hut theappearance of the fluoresce

is curious in the less refrangible po ar />to .1/

we distinguish all the rays with perfect clearness.

—

Bib. Pan:.

10. Polarization of Metallic S»rf,tces.— U. <t. Qc
determined the prime an-Ie of incidem mitli of the

Fraunhofer lines ( ', 1). E F and G, for various substances.

Through a collimator with a vertical slit a beam of p:

falls on a polarizing prism standing ii

on an observing telescope whose cross- minatcd hy
a plane glass mirror. A thin wire rur

niator to which the cross-thread of the telescope is adj

tween the collimator' ami obser\ nig telescope is a stai

are placed two parallel mirrors of the substance to be

The analyzing prism is placed on a vc rtieal circle, and

sm. The light f

is thus spread out, giving a horizontal
lines of from 1° to 3

G
breadth. If trot nTheii!"r-Usun

I'ramilmf r

through the slit of the collimator and
j

a dark streak appears in the spectrum
on any desired Fraunhofer line by ehai

.olarized in the a

and the azimuth of the analyzer.
* The

of the amplitudes of the components pc rod perpen-

dicular to the pl.,n- >>f reuVetmu. -t the compo-
nents of the reflected light, can thence be calculated fo

nce. The most perfect surface* are possessed by nickel.

silver, gold and - I pressed

with a cold phn ..t vru- W'-h '•» .v,pt :

,„. oi •.oil. in the

ragie) 1 minish - 4 the wave -

Am. Joua. Sci.-Thibd Series, Vol. VIII, No. 4o.-July, 1874.



66 Scientific Intelligence.

length, the reverse of what takes place with transparent bodies.

The diminution, however, is very different w ith ditierent metals.

The prime azimuths partly increase and partly dimmish as the

wave-lengths become less. Platinum shows a maximum value for

the line D, cobalt and bismuth for the line E, and tin for the

line F.
Observations were also made with thin transparent layers of

gold, silver and platinum of thicknesses varying from 8 to 75

millionths of a millimeter. They show that the prime angle of in-

cidence and the prime azimuths increase as the thickness increases,

but in different deirn-.-s L". r dim r< \\\ -olors. \\ it Ss silver the prime

azimuth exhibits a maximum value for a certain Fraunhofer line,

which maximum moves toward the red end of the spectrum as the

t hickni -s is augmented. Gold, in transparent as in non-transparent
' ' um angle of incidence at Fraunhofer' ''

TC
plates.—Fogg.

II. Geology and Natural History.

1. Small size of the Brain in IWti'irg Mmtninih; by Prof. O. C.

Mvesu.—At the'last meetinu' of the Connecticut Academy of Arts

and Sciences, June 17th, Prof. Marsh of Yale College made a com-

. in the <ize of the brain in Tertiary Mammals. His re-

searches on this subject have been mainly confined to the larger ex-

tinct mammals which he had obtained in the Rocky Mountain re-

gion, and the results are of peculiar interest. The Eocene mammals
to have had small brains, and in some of them the brain

cavity was hardly more capacious than in the higher reptiles.

The largest Eocene mammals are the Dinvcrotu, which were but

i hulk. Ill l)h<<>c,r<t* Marsh, the

type genus, the brain cavity is not more than one-eighth the aver-

age size of that in existing Rhinoceroses. In the other genera of

this order, Tinoceras Marsh and Uintatherium Leidy, the small-

ness of the brain was quite as remarkable. The gigantic mam-
mals of the American Miocene are the />'ro,.h,t/n rid.,, which

einialled the Dinocerata in size. In Brontotherium Marsh, the

only genus of the family in which the skull is known, the brain

cav'itv is \erv tnuch larger than in the Eocene l.)> »<><•<. fix. being

about the size of the brain in the Indian Rhinoceros. In the Plio-

cene strata of the West, a species of Mastodon is the largest mam-
mal, and although but little superior in absolute size to Bronto-

th. r'lHui, it had a very much larger brain, but not equal t-> ihat

of existing Proboscidians. The T. ; he K<»cenc

had small brain cavities, nim-h smaller than their allies, tin Mio-

cene lihinocerotidm. The Pliocene representatives of the latter

group had well developed brains, but proportionally smaller than

ies. A similar progression in brain capacity seems to

be well marked in the equine ms w Eocene

Orohippus, through Miohippiis and Anchitherium of the Miocene,
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PHoMppm and fflpparion of tlie Pliocene, to the recent Emms
In other groups of mammals, likewise, so far as observed, the
size oi the brain shows a corresponding in«-i\-:i^o in tin- succes
sive subdivision* of the Tertiary. Tlu>e facts liave a ver\ im-
portant bearing on the evolution of mammals and o.,en in i'i t cr-
esting field for further investigation.

2 Coal (or Lignite) in the Cretaceous of Minnesota.—-Prof \
II. \\ inched, in his Report for 1873, announces the existence of
<'<>aly layers at several points in the Cretaceous of Minnc-.H
-!' '

• '!ly in the banks of Crow Creek and those also of the Red-
wood; but states that all explorations thus far made have proved
fruitless. The coal found on the Redwood was earthv, ....-iic
sometimes into good Cannel coal, or into a bituminous Via v • the
compact Cannel coal is in detached lumps, and occurs throughout
a band about tour tee; in thickness. At another outcrop, the Lig-
mtic band is in the form of a black bedded clay or shale, five or

V'.

x
ViVf

!huk - ^"iitaining some coaly or charcoal-like fragments.
hell adds that "so far as discovered, there is not enough
ned in the Cretaceous of this State to warrant sanguine

expectations of its becoming economicallv useful"
3 Geological .s^v, v ,,/ />. „„.,y,.,-„„•„.:_professor J. P. Lesley,

ol the University of Pennsylvania, has been chosen by the Com-
missioners for the charge of the new geological survey of Penn-

hioh the Legislature have devoted $35,000 for three
yea re. I 'rofessor Lesley, as is well known, was one of the original

rofessor H. D. Rogers on the former survey, and no man
has probably so thorough a knowledge of the geology of the State
as he. It is proposed to devote the re-survey especially to its
economic geology.

* !>«"<t* M»mud of Geology.—A new edition of Dana's
-just been issued by Ivison, Blakeman, Taylor & Co.,

-New i
r
ork. The work has been much enlarged and to a great

extent rewritten by the author, this bavin- be n r» quired, as the
preface states, by the progress which the science has made during

Leidy,

Many new illustrations have been introduced, and, among them,
an excellent engraving of the human -kt I. ion --t tin < \\\ .-t Mt n-
tone forms a frontispiece to the volume. Beside- the ad litimis to

facts and the p ogn ss in th< pri k iph - of
the science required, the author has introduced a chapter
on one of the departments of chemical geology, giving the de-
structive and formative effects that take place through the :

of water and ad also another chap
presenting a brief rev

'Effects referred 1

in excellent style ; and although contain
than the former edition, the volume, ov
text, is but little increased in actual size



5. Beport on the Exploration of Brixham Cave, conducted hy

a Committee of the G*-ol»gir<d >-,;,?..,. and under the superin-

tendence of William Pengellt, Esq., F.R.S., aided by a local

committee ; with Descriptions of the Animal Remains, by Geokgb

100 pp. 4to.—This details! and well illustrated memoir
bears evidence that no pains in the exploration of the cave was

spared that could add to the exactness and completeness of the

series , if tacts afforded by it. The principal conclusions are already

in the last edition of LyelPs Antiquity of Man, and need not be

here repeated.

6. Helderberg Bocks in New Hampshire.—A note from Pro-

fessor C. H. Hitchcock states that .Mr. Huntington has obtained

s of Hali/sites or chain coral on Fitch Hill, in Littleton.

Das Gebirge urn Hallstatt, eine geologisehe, paltiontolo-

qixche StKtlie n'wi den Alpen ; von Edmund Mojsisovics von
Mojsvar. 1. Theil. Die Mollusken-Faunen der Zlanibach- und-

Hallstatter Schichten, 1 Heft. From the Abhandlungen d. k. k.

•_'«"•!. I :« ichsanstalt, vol. 6, 4to. Vienna, 1873.—This is one of the

ablest and most complete of the publications issued by the Geo-

logical Survey of Austria, and exhibits in all its parts the care and

skill of the author.

Two new genera of Ammonitoids are described, Pinnaeoceraa

and Sageceras. The former is a portion of the old genus Arcestee

of Suess, with Arcestes galeiformis as the type, and the latter is

new, with Gonhitit, .< FLndi'ngeri as the type. These genera are

most carefully described, but the main merit of the work consists

in the apparently -u--.-.— i il att.-mpNt<» classify the IlalKiatt beds

which have been subjects of discussion for many years among Eu-

ropean paleontologists. For accomplishing this task in one of the

most difficult localities in Europe, the author deserves and will

doubtless win the highest praise. The species so far as published

confirm the view that Hallstatt presents a peculiar fauna, but one

which contains also a few species that are partly Jurassic, and

others that are partly Carboniferous in their aspect. These are

i number to show closer relations between the Carbon-

iferous and Jurassic forms of Mollusca than are elsewhere known.

8. On Datolite; by E. S. Dana, (Tschermak's Min. Mittheilr

ungen. Vienna, 1 874.)—This paper contains the results of a crys-

tallographic study of the datolite <.f the principal Kuropean locali-

ties, and is illustrated by a plate containing figures of crystals

from Tuscany, Arendal, and Andreasberg, with also, for compari-

son, three of the forms described and figured by the author in his

Bergen Hill paper.* In addition, a catalogue is given of all the

knowu planes of datolite crystals, now numbering 71. of which 16

were added by Mr. Dana from the Bergen Hill crystals, and 10

-. A table contains the

angles of all the forms, for the most part recalculated by the

* This Jour., ILL, iv, 16.
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author, and a diagram presents a map-projection, afte
method, of all known pianos in their zonos. *Tlio crystal
were from the Royal Mineralouical Museum of Vienna,
Professor Tscherniak is Director.

9. On Atacantite ; l.v K. S. Dana, {T.«-henn<ik\* J
t/>eiho„je„. Vienna, 1S74.)—The results of a large m
measurements of crystals of Atacaraite, from Wallan
Australia, are here presented. Thev prove that the spe
hitherto stipposed, orthorhombie, but show furt her some
ities in the planes <.f the vertical series, which can he «

only by the assumption of a dome 40-5 taking the place o

a corresponding pyramid, in place of the prism I. The
under examination were placed in the hands of the authc
A. Schrauf of the Vienna Mineralogical Museum.

iing communication (published in its

.journal, ^ o. ;o) upon the ill effects of over stocking the <lrv -'raz-

ing districts of Southern Africa with merino sheep. The" sheep
have introduced one obnoxious bur. that of X<h,thi>n,i spimjsui,^
which came in their wool, and which has spread to such an extent
that it is only by the enforcement of severe, hut almost too late.

legislative enactments "that it is kept from heing a sweeping
curse to the wool-producers. In the Orange River Republic it has
so affected the wool in some parts of the country as to make it

nearly umvniunerative as a staple product.
The principal changes, however, are not in the introduction of

lis. hut in the alteration of the range and relative

• of those that belong to the country. When first intro-

duced into the midland or pasturage r< u'ion, the sheep fed mainly
on the grass. This, in a countrv with onlv periodical rain ami
under a high sun. soon began to fail. "SuftYuticose plants and
shrubs could alone stand against the sheep ami such a climate;
and »t first, and as long as "the grass was prominent, these could

immunity from the sheep. But the grass vanished very
dly, and the brush and scrub came to be the main resource- of

cne flocks, and the ground was left to them and to obnoxious and
poisonous herbs, ... and to the intoxicating Melic . the

'dronk' grass of the Dutch colonists." It used to be thought that

grasses were everywhere saluhri , is an 1 m i 1; ! ...t it app ars that

in South Africa there are certain s . cies ot Mdhu of very ill repute;
that these have increased ineredihly in the last few years; and
that the transport riders with their oxen (t":e only carrying power)
have to travel over a wide stretch without stopping.
these grasses, *• on < atiug '<\ hi' u with intoxi-

cation to an alarming extent." As the edible grasses and herbs,

and then the less inviting scrubby piants, are consumed and de-

stroyed, the bitter and nauseous plants of the drier Karoo region

adjacent come in and contribute their energies to the extirpation
of the indigenous and proper flora of the region, and render it

more and more unfit for sheep pasturage.

enjoy
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It may be said that th

antelopes ; but then, th
migration following the rains and the
whereas the sheep are kept upon the limit<

;v- much << ad as by eating, ine ram-ian is

said to be affected, becoming more' precarious and in thunder
torrents, and so does not to the same extent soak into the ground, is

carried off by the water-courses, and fails to supply the springs,

which become weaker and less perennial year after year. More-

over, the Ghrysocoma and other disagreeable Composite?, at first

eschewed by the sheep, but upon which they have to feed from

necessity, greatly injure the mutton, which tastes and smells of

them. Truly was it said by the veteran Fries, that the appointed

lord of creation is apt to do his utmost to ruin it ; that thorns and
thistles, ill-favored and poisonous plants, mark the track which

man has traversed through the earth.

The introduction of sheep into the foot-hills and higher portions

of the Sierra Nevada in California is beginning to make havoc of

its proper flora ; from which it is not botany only that will suffer.

11. The Peri'iyjiiinn and <><><'$;<>,<al S, ta in ( 'an .,- have recently

been studied in England by Professor McNab and Professor

Dyer; and the results of an investigation of the early develop-

ment are recorded in two short papers in the Linnean Society's

Journal, No. 75 (April). Contrary to Mr. Bentham's suggestion,

the seta is proved to be of axial nature; and the p
answers to a single bract, according to Professor McNab—of pro-

bably one or possibly two bracts, according to Professor Dyer.

21. Maximowicz, Diagnoses Plantarum Japonice, etc.—The
15th and Kith decades. September and October. IS73, emitam some

generally inter. ?tinu matters. For instance, a review of the species

of Snnijnisnhta. from which it appears that S. Canadensis and
S. ai,,i,„i develop rheir flowers from the base of the spike up-

ward, while in N. ojfi<>;>,ali« and >'. <>htn*a the flowering proceeds

from the apex ,,f the spike toward the base. There is a good ac-

count of the Japanese Pomacea?, and another of Iiibes, with n \ i-ed

characters. Dr. Maximowicz has some important remarks on the

generic value of the number of vittrv in ITmbelliferce, upon the

strength of which he declines to separate Archangelica fruind//-

ff-Vca, and to divide Conioselinum between fret* tram arc! Li<n<*-

13. Botanval CnntriJuftinns, by Asa Gray. From !>>•<><:<:< d',,,<j*

of the American Academy of Arts and Sciences, May, 1874, vol.

ix.—This paper is wholly, as the preceding one was mainly, de-

voted to C»nq>»*it<i., and it contains several North American
creiK

, such is Vudhi. ir.,,,iz»n Mis' species), lUrht Ictino-

lepis (8 species.. S,-hkuhria (with a verv peculiar new species).

' :< 1 1 : - .-ei, >.. \f ila <.t //• (11 species)

including Ma- r />•/ > '"- and LyjodtSmia.

i in ones). M^-r^sn is.
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The present volume of the Proceedings indicates an increased
activity of the '

tion. This ni

ing with the meeting in May, and is

The papers are separated from the
the notices of mem hers deceased du
ing the latter part of the volume.
Academy (now approaching its cen
which is highly creditable to the tw<

14. Influence of VUmat<<md Topography on Trees c

y; by I. G. Coopki;, Ml). A paper in Proc.

her of species around the

Acad. Sci., March. e scarcity <

tie- districts immediately north and smith. artWed Dr. Cooper's
attention. He concludes that the main cause of the deficiency is

the prevalence of rlie sea-win. Is from the northwest, throughout
the dry season; these sweeping in through the Golden Cate and

• lej.r.ssion of the coast range between IVtaluma and
Tomales Bay. The character of the soil and elevation above the
sea are of comparatively little consequence. "Since the genera!
course of the mountain ranges is nearly northwest in this region.
and the wind strikes their southwest 'slopes obliquely, and" the
sun in its daily course shines most intensely and longest upon
the same - at this slope is almost everywhere
destitute of trees, although along the coast exposed to the great

-

"-*-*! and the most fog. The opposite or northeast slopes,

"»e greatest tree growth." . . . "These
ways. First, by their drying power, as

seen in the absence of trees on slopes of hills exposed to them,
while trees may abound on the opposite slope, though facing the
south and more exposed to the sun. Second, by their coolness not
permitting the sun's heat to produce the growth, even where mois-
tnrc is abundant." The grouping of the trees of the district at

round San Francisco is then given, in more
detail. a. g.

15. Catalog'/, of Phint* <!,'.>>.-:»<! n-ithont Cult'rration in the

State of Xew Jersey, etc; 'by Oliver II. Willis, Instructor
of Natural Science in the Alexander Institute. New York
(Schemerhorn & Co.), 1874. Besides the 70 pages of Catalogue.
Mr. Willis, having the needs of botanical students and collectors

in view, has usefully filled several pages with prm-th-al suggestions

rs, and directions for drying and preserving plants. The

,
except as to the liquid tor poisoning

' To preserve specimens from the depredations of

a saturated solution of corrosive sublimate in fourth-

mik of water, and with this solu-

attacked." A solution of this
v,

;\ win not penetrate into tin st cimeu- pro lptly. ai I the weak

aoorate too s owlv. Use 95 per cent alcohol, ami
dilute with the same, or, better, dissolve an ounce of corrosiv
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sublimate in a quart of the strong^ alcohol, ami it will be of the
proper strength. The poison will thus promptly penetrate the
interior of the specimen, and he let's there, while the quick evapo-
ration of the ah oh i oi.l- t injm w\\ I vat r or v tk s|ii'rit

directory of the Torrey Club. The Catalogue itself is unusually
full of details, popular accounts of the more remarkable plants
being given, and of many that are not particularly so. One item
i- especially gratifying to fanners, viz., that the author has never
seen a Canada Thistle in the State, "except in the Presbyterian
church-yard, Freehold." Among the wild plants omitted we will

mention the charming Linncea. A. G.

16. Professor C. F. Mjhssneb of Basle, an excellent man and
distinguished botanist, who has long been infirm, died on the sec-

ond of May, ult. His large herbarium had become the property
of Columbia College, New York, through the liberality of a u'euer-

ous lover of botany, and is joined with that of the lamented Dr.
Torrey. a. g.

ive Zool-

which Mr.A-a,si

18. MustY if <i < >' 'In,,,' "I r,- M,i*<:,i»i nf ' '„„
7 w,w//c. Zool-

o<///._ Xo. Y1I1. Zonh,<,Uu ,1 'llt:mlts„fthi' WtStlr E?p<<!lth,n. I.

£</./„;, (',;,,<,;'*, <i N ,! <<>ruls; h\ Ai.kx. A<;

>iz. It (

Bhizocrinus {JR. Raicsonii) dredged in 80 to 120



Burh„<hnsi*) uhi.-j, is referred t«» the Rii-msa. " v.

19. On the Ilthlts nr'th. ( 'ulifoi'nin Wu,,J-r«i; by ,\. W. Chasf,
Assistant U. S. Coast Survey. (From a letter to li. Silliman, dated
Anaheim, California, May J7. 1 -74.)—While on the northern .-oast

I noticed a fact in natural history to me quite curious, reuarliicj;
the habits of the so-culled California >r<>n<l-rat. I am not suffi-

ciently versed in such matter- to -rive y<>u the name of this inter- .

e.-tiug creature. It is a little larger than an ordinary Norway rat,
•hirk-orown in clor. with large lustrous eyes, and a tail covered
with t hin hairs. I should call it intermediate between the squirrel
and rat. This creature builds its nest in the woods, sometimes
on the ground, more frequently in the lower branches of trees.

: ntity of dried twigs, w Inch tin y
mt( rlace to form :. donu -shaped structure, often ten ortwelvi f« et

high and six ..r, i/m leet in diameter.
Openings in the mass lead to the center, where is found the

nest, consisting of the finely-divided inner bark of trees, dried
^i'as.s, etc. But it is to the* peculiar thievish propensity of this

To make my story intelligible, I would first state that I am
partial owner of some property on the Oregon coast, on which a
saw mill had been placed, butVhich, owing" to various causes, has
never been in operation. On this property was a dwelling house
for the hands, in which, on work being discontinued, were stored a
quantity of stuff, tool-, packing for the engine, six or seven kegs
"<' hir^e spikes ; in the closets, knives, forks, spoons, etc. A large
cooking stove was left in one of the rooms.

This house was left uninhabited for two years, and, being at

P
:| '• distance from the little settlement it was frequently broken

into by tramps who sought a shelter for the night. When I

entered this house I was astonished to see an immense rat's nest

nining this nest, which was about

s/"'A-'.s, all laid with symmetry so as to present the points of the

this mass was the nest, composed
of finely divided fibers of the hemp packing. Interlaced with the
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spikes, we found the following : About three dozen knives, forks
and M)i»ons, all the luitcher knives, three in number, a large carv-
ing knife, fork and steel ; several large plugs of tobacco; the out-
side casino- ,,f a silver watch was disposed of in one part of the
pile, the glass fir" the same watch in another, and the works in still

another; an old purse containing some silver, matches and to-

bacco ; nearly all the small tools from the tool closets, among
them several large augers. Altogether, it was a very curious
mixture of dith-ivnr article-, all of which must have been trans-

ported some distance, as they were originally stored in different
par's of the house.

of this

I them heavy,
parts, struck me with surprise. " The articles of

vaiue were I think stolen from the men who had broken into the
house for temporary lodging. I have preserved a sketch of this

iron-clad nest, which I think unique in natural history.

Many curious facts have since been related me, concerning the

habits of this little creature. A miner told me the following

:

He once, during the mining excitement in Siskyiou County,
became in California parlance "dead broke," and applied for and
obtained employment in a mining camp, where the owners, hands
and all slept in the same cabin. Shortly alter his arrival small

articles commenced to disappear ; if a whole plug of tobacco were
left on the table, it would be gone in the morning. Finally a bag,
containing one hundred or more dollars in -old dust, was taken
from a small table at the head of a " bunk," in which one of the
i roprietora of the claim slept. Suspicion fell on the new comer,
and he would perhaps have fared hardly ; for, with those rough
miners, punishment is short and sharp; but, just in time, a

large rat's nest was discovered in the garret of the cabin, and in

it was found the missing money, as well as the tobacco and other
article^ supposed to have been stolen.

20. The Doctrine of Evolution: its data, its //,•///'•/> A.«, its

and its TheisUc hearings. By Alexander Win-
chell, LL.D., Chancellor of Syracuse University, &c. 148 pp.
12mo. New York, 1874. (Harper & Brothers.)—This volume is

an argument against the derivation of species by gradual variation.

The author sustains the idea of a system of evolution in the organic
kingdoms, but with this qualification, that "the evolution, while
a real evolution in its main features," has "many facts of a

strongly discordant character" in its details. He observes that
the theories of evolution admitting of progress by considerable
leaps "escape measurably from the embarrassments" which those
encounter that make the progress gradual. In his concluding re-

marks, after a recapitulation of his deductions from known facts,

the author says that there exists no "a priori ground for denying
that some phase of the doctrine of filiative evolution in the organic
world may yet become proven and established," and then rightly
adds, that if so established there will be in this " no proof of the ab-

sence of immediate divine agency from any of the operations of life."



III. Astronomy.

1. On the Motions of some of the Nebulm toward or from the
Earth; by William Huggins.—The observations on the motions
of some of the stars toward and from the earth, which I |,.nl tin-

honor to present to the Royal Society in 1872, appeared to show,
from the position in the heavens of the approaching; and receding
stars, as well as from the relative velocities of their approach and
recession, that the sun's motion in space could not be regarded as
the solo cause of these motions. "There can be little doubt but
that in the observed stellar movements we have to do with two
other independent motions—namely, a movement common to cer-
tain groups of stars and also a motion peculiar to each star."*

It then presented itself to me as a matter of some importance
to endeavor to extend this inquiry to the nebuhe, as it seemed
possible that some light might be thrown on the cosmical relations
of the gaseous nebula? to the stars and to our stellar system by
observations of their motions of recession and approach."

Since the date of the paper to which I have referred, I have
availed myself of the nights surhc iy few even
for our unfavorable climate) to make observations on'this point.
The inquiry was found to be one of threat difiieulty, from the faint-
ness of the objects and the very minute alteration in position in
the spectrum which had to be observed.
At first the inquiry appeared hopeless, from the circumstance

that the brightest line in the nebular spectrum is not sufficiently

coincident in character and position with the brightest line in the
spectrum of nitrogen to permit this line to be used as a fiducial
line of comparison. The line in the spectrum of the nebulae is

narrow and defined, while the line of nitrogen is double, and each
component is nebulous and broader than the line of the nebulae.

incidi nt with the middle of the
h-ss refrangible line of the double line of nitrogen.f
The third and fourth lines of the nebular spectrum are undoubt-

edly those of hydrogen, but their great faintness makes it impossi-

ble to use tl arison under the necessary condi-

tions of great dispersive power, except in the case of the brightest

The second line, as I showed in the paper to which I have re-

ferred, is sensibly coincident with an iron line, wave-length 405-7
;

but this line is inconveniently faint, except in the brightest nebula?.

In the course of some other experiments my attention was di-

rected to a line in the spectrum of lead which falls upon the less

refrangible of the components of the double line of nitrogen.

This line appeared to meet the requirements of the case, as it is

narrow, of width corresponding to the slit, defined at both edges,

and in the
p

rum of the brightest of the lines

of the nebulae.

* Proceedings of the Royal Society, vol. xx, p. 392. f lb., p. 380
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_
In December, 1872, I compared this line directly with the first

] ni" in the spectrum of the Great Nebulae in Orion. I was de-
lighted to find t hi* line sutHeienily coincident in position to serve
as a fiducial line of comparison.

I am not prepared to say that the coincidence is perfect ; on the
contrary, I believe that it" greater prism power could be brought
to bear upon the nebula?, the line in the lead spectrum would be
found to be in a small degree more refrangible than the line hi
the nebulae.

The spectroscope employed in these observations contains two
compound prisms, each giving a dispersion of 9° 6' from A to H.
A magnifying power of 16 diameters was used.

In the simultaneous observation of the two lines it was found
that if the lead line was made rather less bright than the nebular
line, the small excess of apparent hivndth of'this latter line, from
its gr< at« r brightness, appeared to overlap the lead line to a very

• on its U ss n frangible side, so that the more refran-
gible side of the two lines appeared to be in a straight line across

nn. This line could be therefore conveniently employed
as a fiducial line in the observations I had in view.

In my own map of the sped nun of lead this line is not given.

.'s map (1868) this line is represented by a short line to
show that, under the conditions o!' -park under which Thalen ob-
served, this line was emitted by those portions only of the vapor
of lead which are close to the electrodes.

I find that by alterations of the character of the spark this line

becomes long and reaches from electrode to electrode. As some
of those conditions (such as the absence of the Leyden jars, or the
close approximation of the electrodes when the Leyden jars are in

those in which the lines of nitrogen of the air in which
is taken are faint or absent, the circumstance of the 1

> the vapor of lead but to some combination of nitrogen
under the presence of lead vapor. As, however, this line is bright
under similar conditions when the spark is taken in a current of

hydrogen, this supposition cannot be correct.

A condition of the spark may be obtained in which the strong-
est lines of the ordinary lead spectrum are scarcely visible, and
the line under consideration becomes the strongest in the spectrum,
with the exception of the bright line in the extreme violet.

I need scarcely remark that the circumstance of making use of

this line for the purpose of a standard line of comparison is not
to be taken as affording any evidence in favor of the existence of

lead in the nebulae.

Each nebula was observed on several nights, so that the whole
observing time of the past year was devoted to this inquiry. In
no instance was any change of relative position of the nebular
line and the lead line detected.



motion at the time. The motion must be „._
suits to be drawn from the observations ; for if the earth's ,uun
I", say. jo miles per second from the nebula, then the nebula
would not be receding with a velocity ureal er th:m 15 per second •

but the nebula might be approaching with velocity as great as 35
miles per second, because 10 miles of this velocity would be de-
strnve.l by the earth's motion in the contrary direction.

Ihe observations seem to show that the gaseous n^,lm!,c o
class of bodies have not proper motions so great a

i the nebula?, and if sufficiently rapid, may be detected

'!" <" 'xx'ies nave not proper motions so great as many of 1

•ight stars. It may be remarked that two other kinds of moti

nebuhe. whirl, miijdii be discovered by placing the slit of the in-
strument on opposite limbs of the nebula;. 2. A motion of trans-
li'tion ni the visual direction of some portions of the nebulous
matter within the nebula, which might be found by comparing the

parts of a large and bright nebula.
Sir William Herschell states that " nebula? were generally de-

tected m certain directions rather than in others, and the spares
!'"- 'ding them were generally quite deprived of stars; that the

ppeared some time after among stars of a certain consid-
erable size, and but seldom among; very small stars; that when I
came to one nebula I found several more in the same neighbor-
hood, and afterward a considerable time passed before I came to
another parcel."*

Since the existence of real nebula? has been established by the
use of the spectroscope. .Mr. Proctorf and Prof. D'Arrestf have
called attention to the relation of position which t!

nebula? hold to the Milky Way and the sideral system.
It was with the hope of adding to our information on this point

that these observations of the motions of the nebula? were under
taken.

In the following lisl the numbers are taken from Sir J.
Herschel's " General Catalogue of Nebula?." The earth's motion
green is the mean of the motions of the different days of observa-
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2. Axtroiii,i,n.r<il <tlwcutm-y i, tln_ Si rr<t Nvuiii.—Mr. James
Lick, of Sun Francisco, already renowned tor his munificent u'ift to

theC alifornia Academy of Sconces, lias recently devoted tn public
purposes .-s^taMUioo

; and of this Mini ^oiiDoomv set, aside forthe
equipment of an Astronomical Observatory on some elevated
point in the Sierra Nevada. Land on the borders of Lake Tahoe
has been given by him. l>ut in case this site is not thought the

best, the trustees, in conjunction with Messrs. Ah an (dark A:

Sons, the well-known opticians, are to appoint a person who shall

determine on a site. The $700,000 are to be applied to the

making of a telescope larger and better than any now in existence;
and, the surplus left, after paying for the telescope, is to be invested
for the maintenance of the observatory, or, " be made useful in

promoting science."

3. Cordoba Observatory.—The report of Dr. Gould of the wrork
done at this observatory during the past year is received. From
this we learn that at the date of the report, 538 zones had been
observed, comprising over 70,000 stars. He estimates that about
115 zones more will cover the southern heavens according to the

plan which he has adopted for i his catalogue. Ke;>

cates, he estimates the whole number of independent stars in it as

likely to exceed 65,000. He states that the middle of the present

year may see the zone observations completed.
( '"!/f/>"'s Comet—Dr. TrETJE

smeris of the Cosephemeris of the Coggia comet in the Astronomische J\
T
ac/n-i'/>ttn,

No. 1993. The following are the places :

Berlin Time. a 6 Light-factor.

July 4. 7h 36-6™ +63° l' 40

27. 50*1 -16 25 112

Aug. 4. " 55-2 -39 55 45

These elements bring the comet within about 25,000,000 miles

of us in the fourth week in July, with a brilliancy ten-fold that

which it has in the middle of June. It will remain below Ursa

Major till near the middle of July, when it will pass rapidly south,

a little west of the sun. It will be almost directly between us and

the sun July 20th.

5. JVew Planet.—A new planet was discovered by Mr. Perrotm

at Toulouse on the 19th of May. It was then of the 11-5 mag-

IV. Miscellaneous Scientific Intelligence.

1. The American Mxisextm of Xainml W?t»ry, New York.—
The corner-stone of the first section of this institution, in the Cenf

tral Park of the city of New York, was laid by the President of

the United States, on the 2d of June, in the presence of a con-
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course oi distinguished people from various parts of the country.
On behalf ol the museum. .Mr. Kobert L. Stuart, the President of
the Commission, briefly recounted its history, its incorporation in
1869 by the Legislature of New York, the 'award ..f Manhattan
-Miaiv. adjaeent t.» the Park, lor its use and thai of the Metropoli-
tan Art Museum, with the donation of five hundred thousand dol-
lars to each for the commencement of the buildings. The plans, of
which the present portion form only the commencement, contem-
plate an expenditure of $6,000,000. Addresses were made also by
Mess,.. Wales :m ,

| Stebhins on behalf of the Park Commissi ,-,

and by General Dix as Governor of the State, all fully adopting
and commending the undertaking.

&

Professor Joseph Henry, Secretary of the Smithsonian Institu-
tion, made the concluding address, setting forth the true aims and
purposes of such a museum as a means of diffusing.'! knowledge of
science, and, by proper instructors and endowments, fostering a
-pint of scientific research and promoting the general advancement
of science. Under a wise administration of its affair*, the Ameri-
can Museum of Natural History will not fail, for the want of means,
to °ar

.

rv out its Proper purposes, and will thus become a source
;' oehght and of advancement to the great community about
it, and an honor to American science in the eyes of the civilized

2 1
.
Note on the Recent Earthquakes of Bald Mountain, in .Ruth-

erford County, North Carolina ; bv Professor F. II. Bradley.—
So far as din icee there in progress
was concerned, my trip to the Bald Mountain region was a failure,
for there was not the least di>turb : uice during our visit. But from
an elimination ...f the present condition of the mountain, on both
sides and at the top, we were able to come to an understanding of
the phenomena reported tons by residents of the region. And

it the reports heretofore published have

ices and smoking pits. The phenomena actually
l to have consisted simply of noises within the m

surface.

neys, and occasionally throwing down""loose articles.

These are the common phenomena of earthquakes, but they were
here much more local and less violent than usual. There was
nothing properly volcanic about them; and the region shows no
volcanic rock. Bald Mountain forms one of the southeastern >purs
of the easternmost range of the Blue Ridge proper, and consists
of micaceous and hornblende having the
variable southeasterly dip characteristic of the whole range.
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n the Great Lakes.—In the number of Nature
for April 30th, Mr. G. M. Dawson endeavors to show, by a com-

parison of observations, that there is probably a connection be-

tween the fluctuations of the American Lakes and the development

of sun-spots. More extended observations are required to give

probability to the conclusion.

3. Chemical Centennial, August 1st, 1874.—Northumberland,
in Pennsylvania, on the Susquehannah, the place where Dr.

Priestley was 'buried, lias I.ecu selected as the spot at which all

chemists are invited to gather on the first of August next, the

hundreth anniversary of the discovery of oxygen by the illustrious

philosopher. An address is to he delivered over his grave. This

proposition of Dr. Bolton, to which we have referred already, has

met with a cordial response from a large number of chemists. Pro-

fessor Henrv, of the Smithsonian, proposes to be present with some

of the original apparatus of Priestley from the Smithsonian col-

lections. The first of August falling oil Saturday, the meeting will

be called for the day previous. A programme will be soon issued

4. Topoyra/,/,;,- // . l.'ht*. rr-f ',,/ t„ ;il,i*tr<it, ,.,•),!orations of
.s.y,'/v-y///vls'/ <>r' tin 100/7, ,<> r'<<

]h> ,? ; under the direction of Hon.

Win.' W. Bi:lkn-ai% Secretary of War. hv the Corps of Engineers,

U. S. Army, Brigadier-General A. A. Hi-mi-.ikkys, Chief of Engi-

neers: embracing results of the different expeditions under 1st

Lieut. Geo. M. Wheki.kk, Corps of Engineers.—The expeditions

referred to in this title are those of 1869, 1871, 1872 and 1873,

The maps here issued, six in number, are in large folio, and hand-

somely printed. The first gives in colors a general view of the

drainage areas of the country west of the Mississippi; the second,

a subdivision of the region west of the LOOth meridian to the

Pacific, into equal anas.' U4 in all, for each of which a separate

58, 59, 66, of the Atlas. On these maps the topography is repre-

sented with much detail and clearness. Tin completed atlas

will be a very important contribution to American geography.

Lieutenant Wheeler takes the field this season for the continua-

tion of his surveys.

5. Annual Record of Seioo-e and Lu,l«xtr<j for 1873. Edited

by Spencer F. Baibd, with the assistance of eminent men ol

science. 12mo, pp. 714. New York (Harper & Brothers), 1874.

—This is the third volume of Prof. Baird's Annual. A general

summary of scientific and industrial progress during the year 1873

occupies an introductory chapter of !

::•_' pages, covering a wide

range of subjects from astronomy to technology. The whole vol-

ume is rich in varied and us, t'nl facts.

o. .Mountain Sculpture i» th< Sierra Nevada.—The article on

Mountain Sculpture, cited from in the preceding volume, at page

515, (for a copy of which we are indebted to Prof. E. S. Carr,) was

written, as Prof. Carr has recently informed us, by Mr. John Muir.

Critical Essays on Physi - ics, by Lawrence S. Benson.

Vol. I- Physics. 164 pp. 8vo. New York, 1874. (James S. Burnton.)
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Art. IX.

—

Researches in Acoustics; by Alfred M. Mayer.
Paper No. o,* containing :

• An Experimental Confirmation of Fourier's Theorem as applied to the decom-

dulum-vibrations.
!• An Experimental Illustration of Helmholtz's Hypothesis of Audition.
;

. Experiments on the supposed Au<3 'ilex Mosquito.
t. Suggestions as to the function of the spiral scalae of the Cochlea, leading to
au Hypothesis of the Mechanism of Audition.

'. Seven Experimental Methods of Sonorous Analysis described and discussed.
• The Curve of a Musical Note, formed by combining the sinusoids of its first six
harmonics; anc

a composite
wave into its elementary pendulum-vibrations.

A simple sound is a sound which has only one pitch. Such
a sound is produced when, with a bow, we gently vibrate the
prongs of a tuning-fork and bring them near a cavity which re-
sounds to the fork's fundamental tone. An almost pure simple

i be obtained bv softly blowing a closed organ-pipe.
<3n examining the nature of the vibratory motions of the

per is the fifth, in the series of those on Acoustics, already published
The preceding papers, however, were not numbered.

per were read before the National Acad-
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of the fork* and of the molecules of i

t the closed organ -pipe, J we find that each of

these vibrations follows the same law of reciprocating motion

as governs the vibrations of a freely-swinging pendulum. But
other bodies, for instance, the free-reeds of organ-pipes and of

melodeons,§ vibrate like the pendulum, yet we can decompose

the vibrations they produce in the air into many separate pen-

uulum-vibrations, each of which produces in the ear a simple

sound of a definite pitch; thus, we see that a pendulum-

vibrating body, when placed in certain relations to the air on

which it acts, may give rise to highly composite sounds. It is,

therefore, evident that we cannot always decide as to the simple

or composite character of a vibration reaching the ear solely

from the determination of the motion of the body originating

the sound, but we are obliged to investigate the character of

the molecular motions of the air near the ear, or of the motion

of a point on the drum of the ear itself, in order to draw con-

clusions as to the simple or composite character of the sensation

which may be produced by any given vibratory motion. Al-

though we cannot often detect in the ascertained form of an

aerial vibration all the elementary pendulum-vibrations, and

thus predetermine the composite sensation connected with it

;

yet, if we find that the aerial vibration is that of a simple pen-

dulum, we may surely decide that we will receive from it only

* Inmy course of lectures on Acoustics, I thus show to my students that the prong

of a tuning-fork vibrates like a pendulum. I take two of Lissajous' reflecting forks,

trivintr, say, the major third interval, and with them I obtain on a screen the curve

interval in electric light. On a glass plate I have photographed the above

curve of the major third passing through a set ot rectangular cooramaies iormeu i

the sines of two circles whose circumferences are respectively divided into 20 and 2

equal parts. I now place this plate over the condensing-lens of a vertical lanter

mpound pendulum, which is so coi

structed that its "bob" cannot rotate around its axis. The bob is hollow and

curved pipe leads from its bottom to one side of the pendulum. The pendului

is now deflected into a plane at 45° with its two rectangular planes of vibration s

that the end of the curved pipe coincides with the beginning of the curve over th

lantern. The bob of the pendulum is fastened with a fine cord in this position an

fine hour-glass sand r i is now burned and the sand is d
livered from the pipe, as the swinging pendulum gives the resultant of its motior

in fee two plan, s
• pgraphed curve on the lantern is pr<

lum are to each other as 4 to 5. „ , , .

f Helmholtz, Tonempfindungen, 1857, p. 15. Crelle's Jour, fur 1"

! Optisch-Akustische Versuche, Prag.,

s Darstellnng der Luftschwingungen.

§ The Rev 3 Stevens Institute, 1
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the sensation of a simple sound. Thus, if we arm the prong of
a tuning-fork with a point, and draw this point on a lamp-black-
ened surface with a uniform motion, and in a direction parallel
to the axis of the fork, we shall obtain on the surface a sinu-
soidal or harmonic eurve ;* and this curve can only be produced
bj the prongs of the fork vibrating with the same kind of motion
as that of a freely-swinging pendulum. If we now bring this
vibrating fork near the mouth of a glass vessel whose mass of
air responds to the tone of the fork and, by the method of Mach,
examine the vibratory-motions of the air, we shall see it swing-
ing backward and forward: and by combining these vibrations
with the rectangular vibratiousot' forks placed outside of the ves-

curvea of Lissajous. If the membrane of
the drum of the ear be placed in connection with the fee
cavity, it must necessarily partake of the motion of the air
which touches it, and ultimately the auditory nerve fibrillee are
shaken in the same manner, and we receive the sensationf of a
simple sound. Urn' the mind naturally inquires the reason of
this connection existing between the sensation of a simple sound
and the pendulum-vibration. It has always appeared to me
that the explanation of this invariable connection is that the
pendulum-vibration is the simplest vibratory motion that thp
molecules of elastic matter can partake of, and that the c

tion of the sensation with the mode of vibration is the c

between the simplest sensation perceived through the
'vention of the trembling nerves, and the simplest vibr; tion

which they can experience. Indeed, the pendulum-vibration is

the only one which produces the sensation of sound, for if any
other recurring vibration enters the ear it is decomposed by the

endulum-yibrarions. and it it cannot
be so decomposed then the given vibration is not recurring and

,

does not produce in us the sensation of sound, but causes that
"

which we denominate as noise. This remarkable connection
between a simple sound and the pendulum, or harmonic, vibra-
tion, together with the fact of the power of the ear to decompose
the motions of a composite sonorous wave into its vibratory
elements,- was thus distinctly enunciated by Ohm. The e<rr 'has

' smind '„ ,; }/•//(// if fi »'>'-.* U i»_h<hn.i , n .

•ihrutioi,. ,<,,,] it ,]>rntnpn„s «„tj oritur p-riodic motion of th< air
into a series of <> lAiOum-rd-nt.tions, each of which corresponds to

the sensation of a simple sound.
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We have seen that the harmonic curve is the curve which

corresponds to the motion which causes the sensation of a sim-

ple sound, but a molecule of vibrating air or a point on the

tympanic membrane may be actuated by vibratory motions,

which, when projected on a surface moving near them, will

develop curves which depart greatly from the simplicity of the

harmonic, or curve of sines;* but nevertheless these curves

will alway be periodic if the sensation corresponding to their

generating motions is that of sound. Now Fourier has shown,

and states in his theorem, that any periodic curve can always be

reproduced by corresponding harmonic curves (often infinite in

number) having the same axis as the given curve and 1

1

lengths of their recurring periods as 1, £, $, \, &c., of the given

curve ; and the only limitation to its irregularity is that its ordi-

nates must be finite, and that the projection on the axis, of a

the curve, must always progress in the same

ler demonstrates that trie given curve can only

be reproduced by one special combination, and shows that by

means of definite integrals one can assign the definite sinusoids

with their amplitudes and differences of phase. Now Helm-

holtz f has shown that differences of phase in the constituent

elementary sounds do not alter the character of the compo-

site sound, and therefore, that although the forms of the curve

corresponding to one and the same composite sound may be

infinite in variety (by reason of differences in phase and ampli-

tude in the component curves), yet the composite sound is

l I rays resolved into the same elements. This experimental

result of Helmholtz also conforms to the theorem of Fourier in

reference to the curves projected by such motions ;
for he has

shown that only one series of sinusoidal resolution is possible.

Fourier's theorem can be expressed as follows: The con-

stants C, C,, C 2 , &c., and a^a^, &c, can be determined so that

a period of the curve can be denned by the following equation 4

y=C+C, sin (*»+a,)+C 2 sin(2 *-=+«.)+• • •

But Fourier's theorem is the statement of a mathematical

\> —ibility, and it does not necessarily follow that it can be im-

translated into the language of dynamics without

experimental confirmation, for, as Helmholtz remarks, " That

mode of decomposition of vibratory forms, such as the the-

orem of Fourier describes and renders possible—is it only a

* In section 5 of thia paper, I have constructed several important curves corre-

mirable work ever written on t
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mathematical fiction, admirable because it renders computation
facile, but not corresponding necessarily to anything in reality?

Why consider the pendulum-vibration as the irreducible cle-

ment of all vibratory motion? We can imagine a whole,
divided in a multitude of different wavs: in a caleulation we
may find it convenient to replace the number 12 by 8+4, in

order to bring 8 into view ; but it does not necessarily follow that

\'l should always and necessarily be considered as the sum of
8+4. In other cases it may be more advantageous to consider
the number as the sum of 7+5."
The matin matical

\
<<\\ lity, established by Fourier, of de-

composing any sonorous motion into simple vibrations, cannot
authorize us to conclude that this is the only admissible mode
of decomposition, if we cannot prove that it has a signification

essentially real. The fact, that the car effects that decomposi-
tion, induces one, nevertheless, to believe that this analysis has

a signification, independent of all hypothesis, in the exterior

world. This opinion is also confirmed precisely by the fact

stated above, that this mode of decomposition is more advan-

tageous than any other in mathematical researches. For the

methods of demonstration which comport with the intimate na-

ture of things, are naturally those which lead to theoretic results

the most convenient and the most clear."

The theorem of Fourier translated into the language of dy-

namics would read as follows: u Every periodic mbmi
can always, and always in one manner, be regarded as the sum of

"cUions"

Now we have seen that any periodic vibratory motion, which
has the proper velocity, will cause the sensation of a musical

note, and that a pendulum-vibration gives the sensation of a

simple sound" therefore, it Fourier's theorem is applicable to

the composition and decomposition of a composite sonorous

wave, it will be thus related to the phenomena of sound:

"Every vibratory motion in the auditory canal, correspondthy to a

"nd, can always, and always in one vianm-r, I" cm.^d.

eredas the sum of a certain number of jvndul.nm-ribrationa, corre-

sponding to the elementary sounds of the given musical note.''

Heretofore we have called in the aid of the i

assumed to be i
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parts of the ear,—to help us in our determination of the simple
or composite character of a given vibratory motion ; but Fou-
rier's theorem does not refer to the subjective effects on the
organ of hearing,—the dynamic function of whose parts are

yet very imperfectly understood. Ohm's theorem, on the other
hand, refers entirely to these subjective phenomena of the ear's

analysis of a complex sensation into its simple elements. As
Fourier's theorem refers only to the decompositi
posite recurring vibration into its elementary pendulum-vibra-
A
-"3ns, it has nothing to do with the physiological fact of the

-relation of the pendulum-vibration and the simplest auditory

tions, it has nothing to do with the physiological fact of the

co-relation of the pendulum-vibration and the si:

sensation ; though this well ascertained relatiosensauon; xuougn tnifi

privilege of using this sensation as an indicator of the i

of an aerial pendulum- vibration. Hence, as Fourier's theorem
is entirely independent of our sensations, we must endeavor to

verify it directly by experiments, which must perform the actual

decomposition of the composite periodic motion of a point into

its elementary pendulum-vibrations. But many difhViiltios

present themselves when \\v would bring to the test of experi-

ment the dynamic signification of Fourier's theorem. For
example, the composite sound-vibration, on which we would
experiment, emanates from a multitude of vibrating points;

parts of the resultant wave surface differ in their amplitudes of

vibration ; while points equally removed from one and the same
point of the body originating the vibrations, may differ in their

phases of vibration ; so that when such a wave falls upon co-

vibrating bodies which present any surface, the effects produced

are the results of extremely complex motions. The mind sees

at once the difference between this complicated conception and

the simple one embodied in the statement of the dynamic appli-

cation of Fourier's theorem.

As the mathematician decomposes seriatim every point of

the recurring curve into its harmonic elements, so the physicist,

in confirming the dynamic application of Fourier's theorem,

should decompose into its simple pendulum-vibrations the

composite vibratory motion which such a curve represents, and

indeed reproduces when it is drawn with a uniform motion

under a slit in a diaphragm which exposes to view only a point

of the curve at once. Therefore, only one vibrating point of

the composite sonorous wave should be experimented on, and

the composite vibratory motion of this point should be con-

veyed along lines to points of elastic bodies which can only

partake of simple pendulum-vibrations. All of these essential

conditions I have succeeding in securing in the following

arrangement of apparatus.

A loose inelastic membrane—(thin morocco-leather does well)

—was mounted in a frame and placed near a reed-pipe ; or, as in
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other experiments, the membrane was placed ov>

in the front of the wooden chamber of a Grenies f

The ends of several fine fibers from a silk-worm's

brought neatly together and cemented to one i

point of the membrane, while the other ends o

were attached to tuning-forks mounted on their re

describe, eight forks were thus connected with one point of the

membrane. The fundamental tone of the pipe was Ut„ of 128

ribrationa per second ; and the pipe was brought into accurate

unison with a fork giving this sound.* The forks connected

with the membrane were the harmonic series of Ut
a ,
Ut

3 ,
Sol

3 ,

L:
t Mi , Sol , B b- TJt.. In the first stage of the experiment

we will suppose that the fibers are but slightly stretched : then,

on sounding the pipe, all the fibers at once break up into exqui-

site combinations ofventral segment* Ifth

a vibrating fiber and we look on it obliquely, in the direction

of its length, we shall see ventral segments superimposed

on ventral segment in beautiful and changing com

On gradually tightening the fibers, we diminish the number ot

their nodes, and on reaching a certain -

fibers 1 m. long, I have seen then

tral segments. On increasing the tension, the amplitudes ot

these single segments gradually diminish and at last dis-

appear entirely, so far as the unai

we have reached the conditions required in our experimental

confirmation.
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The point of the membrane to which the fibers are attached
is actuated by a motion which is the resultant of all of the
elementary pendulum-vibrations existing in the composite
sonorous wave, and the composite vibrations of this point are

sent through each of the fibers to its respective fork. Thus,
each fiber transmits to its fork the same composite vibra-

tory motion, while each fork can only vibrate so as to give the

simple pendulum-vibration of a simple sound, for each fiber is

attached to its fork at a point which lies in the upper node of

the segments into which the fork divides when it gives its

higher harmonic. Now if Fourier's theorem has "an existence

essentially real," any fork will select from the composite vibra-

tory motion, which is transmitted to it, that motion whieb it

has when it freely vibrates ; but if its proper vibration does not

exist as a component of the resultant motion of the membrane,
it will not be in the least affected. Now this is exactly what
happens in our experiment, for when the pipe is in tune with

the harmonic series of forks, the latter sing out when the mem-
brane is vibrated ; but if the forks be even slightly thrown out

of tune with the membrane, either by loading them, or by alter-

ing the length of the reed, they remain silent when the sound-

ing pipe agitates the membrane and the connecting fibers.*

Thus have I shown that the dynamic application of Fourier's

theorem has "an i-vi-N'u.-.- i-s ntially real."

It is indeed very interesting and instructive thus to observe

in one experiment the analysis and synthesis of a composite

sound. On sounding the reed it sets in vibration all the forks

of the harmonic series of its fundamental note, and after the

reed has ceased to sound, the forks continue to vibrate and

their elementary simple sounds blend into a note which approxi-

mately reproduces the timbre of the reed-pipe. If we could by
any means obtain all of the elementary vibrations, and have

them with their relative intensities correctly preserved, we
should have an echo of the sound of the reed after the latter had

ceased to vibrate ; but the impossibility of thus obtaining the

highest components of the reed, and the difficulty of reproduc-

ing the relative intensities of the harmonics in the co-vibrating

forks, allow us but partially to accomplish this effect.

2. An Experimental Illustration of Helmholtz
1

s Hypothesis of

Audition.

The experiment, which we have just described, beai fcifWl}

illustrates the hypothesis of audition framed by Helmholtz to

account for this—among other facts,—that the ear can decom-

pose a composite sound into its sonorous elements. Helmholtz
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founds his hypothesis on the supposition that the rods of Corti,

in the ductus cochlearis, are bodies which co-vibrate to simple
ands; somewhat, I imagine, as loaded strings* of graded

lengths and diameters would act in similar circumstances. The
vibrations of the composite wave fall upon the membrane placed
near the reed as they fall upon the membrane of the tympa-
num; and these vibrations are sent through the stretched iibers,

(or delicate splints of rye-straw, which I have sometimes used.)

from the membrane to the tuned forks, as they are sent from the

es and fluids or the ear to

vibratory elements by the co-vibration of those forks whose
vibratory periods exist as elements of the composite wave
motion ; so the composite sound is decomposed into its sonorous

elements by the co-vibrations of the rods of Corti, which are

tuned to the elementary sounds which exist in the composite
sonorous vibration. The analogy can be carried yet further by
placing the forks in line and in order of ascending pitch, and

attaching to each fork a si arplv-pointcd st - ! iilai lent. If the

arm be now stretched near the forks, so that the points of the

filaments nearly touch it at points along its length, then any
fork will indicate its . o-v hi tioi b\ the f ct of its

skin of the arm, and the localization of this pricking will tell

us which of the series of forks em, red int.. vibration. The
rods of Corti shake the nerve filaments attached to them, and
thus specialize the position in the musical scale of the elements

of a composite sonorous vibration. Thus a complete analogy
is brought into view between our experiment and Iielmholtz's

comprehensive hypothesis of the mode of audition.

3. Experiments on the supposed Auditory Apparatus of the Culex

Mosquito.

Ohm states in his proposition that the ear experiences a

simple sound only when it receives a pendulum-vibration, and
that it decomposes any other periodic motion of the air into a

series of pen i, to each of which corresponds the

sensation of a simple sound. Helmholtz, fully persuaded of the

truth of this proposition, and seeing
with the theorem of Fourier, reasoned that there must be i

1 of the ear ; anc

the previous discovery bv the Marquis of Corti

thousandf rods of graded sizes in the during coch
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to Helmholtz that these were suitable bodies to effect the

decomposition of a composite sonorous wave by their co-vibrat-

ing with its simple harmonic elements. This supposed func-

tion of the Corti organ gave a rational explanation of the

theorem of Ohm, and furnished "a leading thread" which con-

ducted Helmholtz to the discoveries contained in his renowned
work, " Die Lehre von den Tonempfindungen."* In this

book he first gave the true explanation of timbre, and revealed

the hidden cause of musical harmony, which, since the days of

Pythagoras, had remained a mystery to musicians and a

problem to philosophers.

It may, perhaps, never be possible to bring Helmholtz's hy-

pothesis of the mode of audition in the higher vertebrates to the

test of direct observation, from the apparent hopelessness of ever

being able to experiment on the functions of the parts of the

inner ear of mammalia. The cochlea, tunneled in the hard tem-

poral bone, is necessarily difficult to dissect, and even when a

view is obtained of the organ of Corti, its parts are rarely in situ ;

and, moreover, they have already had their natural structure

altered by the acid with which the bone has been saturated to

render it soft enough for dissection and for the cutting of

sections for the microscope.

As we descend in the scale of development, from the higher

vertebrates, we observe the parts of the outer and m
disappearing, while at the same time we see the inner ear

gradually advancing toward the surface of the head. The
external ear, the auditory canal, the tympanic membrane, and

with the latter the now useless ossicles, have disappeared in the

lower vertebrates, and there remains but a rudimentary

labyrinth.

Although the homological connections existing between the

vertebrates and articulates, even when advocated by naturalists,

are certainly admitted to be imperfect, yet we can hardly sup-

pose that the organs of hearing in the articulates

stationary or retrograde, but rather that the essential parts of

their ;t;>].;iratns of audition, and especially that part which

receives the aerial vibrations, will be more exposed than in

higher organisms. Indeed, the very minuteness of the greater

part of the articulates would indicate this, for a tympanic mem-
brane placed in vibratory communication with a modified

theory, but the leading-thread of theory, and the employment of appropriate

vibration of the c

ings I beg the reader t he hypothesis

' According to Waldeyer,
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labyrinth, or even an auditory capsule with an outer flexible

covering, would be useless to the greater number of insects for

several reasons; first, such an apparatus, unless occupying a

large proportion of the volume of an insect, would not present

surface enough for this kind of receptor of vibrations ; and
secondly, the minuteness of such a membrane would render it

impossible to co-vibrate with those sounds which generally

oeenr in nature, and which the insects themselves can produce;

similarly, all non-aquatic vertebrates have an inner ear formed
so as to bring the aerial vibrations, which strike the tympanic
membrane, to bear with the greatest effect on the auditory nerve

filaments,* and the minuteness of insects also precludes this

condition. Finally, the hard test, characteristic of the articu-

lates, sets aside the idea that they receive the aerial vibrations

through the covering of their bodies, like fishes, whose bodies

are generally not only larger and far more yielding, but are

also immersed in water which transmits vibrations with 4; times

the velocity of the same pulses in air and with a vet greater in-

crease in intensity. For these reasons, I imagine that tho-e

3 which are sensitive to sound, and also emit charac-

teristic sounds, will prove to possess receptors of vibrations

external to the general surface of their bodies, and that the

proportions and situation of these organs will comport with the

physh il corn! tions m . < ssan for them to receive and transmit

vibrations to the interior ganglia.

Naturalists, in their surmises as to the positions a

the organ of hearing in insects, hav, rarely kept in view the

important consideration of those ph\>i.-al relatmn^ \\h the

organ must bear to the aerial vibrations producing sound, and

which we have already pointed out. The mere deserp tive

anatomist of former years could be satisfied with his artw tic-

faculty for the perception of form, but the student of these

-lavs can only make pro-re- b\ constantly studying the close

relations v.l ii. hn esa rilj i rist betw© I

of the orga " acting in

the animal, and which traverse the medium in which the

animal lives. The want of appreciation of these

together with the fact that many naturalists are m< >r<

to describe many new forms than to ascertain t .<: function of

one well ki i
- \ - k ot a class,

has t. led to keep many departments of natural history in the

condition ol men: descriptive science. Those who are not

professed naturalists appreciate this perhaps more than the

sta themselves, who are imbued with that ei

which always comes with the earnest study of any one depart-

ment of nature ; for the perusal of those long and laboriously

precise descriptions of forms of organs without the slightest
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or even suggestion, as to their uses, affects a physicist
with feelings analogous to those experienced by one who
peruses a well classified catalogue descriptive of physical instru-

ments, while of the uses of these instruments he is utterly

ignorant.

The following views, taken from the " Anatomy of the In-

vertebrate by C. Th. v Siebold," will show how various are

the opinions of naturalists as to the location and form of the
organs of hearing in the Insecta. " There is the same uncer-
tainty concerning the organs of audition (as concerning the
olfactory organs). Experience having long shown that most
insects perceive sounds, this sense has been located s

i to have been forgotten

can be no auditory organ without a special auditory i

which connects directly with an acoustic apparatus capable of

receiving, conducting and concentrating the sonorous undula-
tions. (The author who has erred most widely in this respect

is L. W. Clarke, in Mag. Nat. Hist, Sept., 1838, who has

described at the base of the antennae of Carabus nemoralis

lllig. an mditive app r tus composed of an Auricula, a Meatus
auditoritis externus and internus, a Tympanum and Lai
of all of which there is not the least trace. The two white

convex spots at the base of the antennas of Blatta oruntalts^

and which Treviranus has described as auditory organs, are, as

Burmeister has correctly stated, only rudimentary accessory

eyes. Newport and Goureau think that the antennas serve both as

wry organs. But this view is inadmissible,

as Erichson has already stated, except in the sense that the

antennae, like all solid bodies, may conduct sonorous vibrations

of the air; but, even admitting this view, where is the auditory

nerve ? for it is not at all supposable that the antenna! nerve

can serve at the same time the function of two distinct senses.)

"Certain Orthoptera are the only Insecta with which there

has been discovered, in these later times, a single orgs

the conditions essential to an auditory apparatus. This organ

consists, with the Acrididae, of two fossae orconchs, surrounded

by a projecting horny ring, and at the base of which is attached

a membrane resembling a tympanum. On the internal surface

of this membrane are two horny processes, to which is attached

an extremely delicate vesicle filled with a transparent fluid

and representing a membranous labyrinth. This vesicle is in

connection with an auditory nerve which arises from the third

thoracic ganglion, forms a ganglion on the tympanum, and

terminates in the immediate neighborhood of the labyrinth by a

collection of cuneiform, staff-like bodies with very finely-

pointed extremities (primitive nerve-fibers ?), which are sur-



A. M. Mayer— Researches in Acoustics.

iinded by loosely-aggregated, ganglionic globules,

^an has been tak

who fortun
(i'rt///us hieroglypkus this was an auditory organ. He gave,

however, the interpretation only as hypothetical : but I have

placed it beyond all doubt by careful researches made on
(Inuijilmwos, Oedipoda, Podisma, Caloptenus and Truxalis.")

"The Locustidae and Achetidae have a similar organ, situated

in the fore-legs directly below the coxo-tibial articulation.

With a part of the Locustidae (Meconann. Barhitistes, Plain-

croptem, Phylloptera), there is on each side of this point a fossa,

while with another portion of this family there arc, at this

same place, two more or less spacious cavities (auditory

capsules) provided with orifices opening forward These
fossa' and these cavities have each, on their internal surface, a

long-oval tympanum. The principal tracheal! trunk of the leg

passes between two tympanums, and dilates, at this point, into

a vesicle whose upper extremity is in connection with a

ganglion of the auditory nerve. This last arises from the first

thoracic ganglion, and accompanies the principal nerve of the

leg. From this ganglion in question passes off a band of ner-

vous subs: lee along the slightly excavated

anterior side of the trachean vesicle. Upon this band is situ-

ated a row of transparent vesicles containing the same kind of

cuneiform, staff-like bodies, mentioned as occurring with the

Aerididas. The two large trachean trunks of the fore-legs open
by two wide, infundibuliform orifices on the posterior border

of the prothorax, so that here, as with the Acrididae, a part of
•

; - • <-hcan ap] tratus may be compared to a Tuba Eust„rh>i.

With the Achetidaa, there is, on the external side of the tibia

of the fore-legs, an orifice closed by a white, silvery membrane

,',-hich is an auditorv organ like that just

described. (With Acheta achatina and itaHea, there is a tympa-

num of the same size, on the internal surface of the legs in

question
; but it is scarcely observable with Acheta sylvestns,

A. domestica and A. campesiris.)"

Other naturalists have placed the auditory apparatus of

diunnd lepidoptera in their club-shaped antennae; of bees at

the root of their maxilla
plates : <>t L< >.-„,/„ riri,Iissi

the antenna with the head.
I think that Siebold assumes too much when he states that

the existence of a tympanic membrane is the only test of the

existence of an auditory apparatus. It is true that such a test

would apply to the non-aquatic vertebrates, but their homol-

ogies do not extend to the articulates ; and besides, ai

cist can not only conceive of, but can actually construct other
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receptors of aerial vibrations, as I will soon show by conclusive
experiments. Neither can I agree with him in supposing that

the antennae are only tactile organs, for very often their position
and limited motion would exclude them from this function ;*

and, moreover, it has never been proved that the antenna?, which
differ so much in their forms in different insects, are alwavs tactile

organs. They may be used as such in some insects ; m others,

they may be organs of audition ; while in other insects they may,
as Newport and Goureau surmise, have both functions ; for, even
granting that Muller'slaw of the specific energy of the senses ex-

tends to the insects, yet the anatomy of their nervous system is not
sufficiently known to prevent the supposition that there may be
two distinct sets of nerve fibers in the antennae or in connection
with their bases ; so that the antennae may serve both as tactile

and as auditory organs
;
just as the hand, which receives at the

same time the impression of the character of the surface of a

body and of its temperature ; or, like the tongue, which at the

same time distinguishes the surface, the form, the temperature
and the taste of a body. Finally, I take objection to this state-

ment : "Newport and Goureau think that the antennae serve

both as tactile and auditory organs. But this view is inadmis-
'

i the sense that

sonorous vibra-

tions of the air." Here, evidently, Siebold had not in his mind
the physical relations which exist between two bodies which
give exactly the same number of vibrations ; for it is well

known that when one of them vibrates, the other will be set into

vibration by the impacts sent to it through the intervening air.

Thus, if the nbrillae on the antennae of an insect should be

tuned to the different notes of the sound emitted by the same
insect, then when these sounds fell upon the antennal fibrils,

the latter would enter into vibration with those notes of the

sound to which they were severally tuned ; and so it is evident

that not only could a properly constructed antenna serve as a

receptor of sound, but it would also have a function not possi-

ble in a membrane ; that is, it would have the power of analyz-

ing a composite sound by the co-vibration of its various nbrillae

to the elementary tones of the sound.

The fact that the existence of such an antenna is not only

supposable but even highly probable, taken in connection with

an observation I have often made in looking over entomological

collections ; viz : that fibrillae on the antennae of noctural

insects are highly developed, while on the antennae of diurnal

insects they are either entirely absent or reduced to mere rudi-

mentary filaments, caused me to entertain the hope that I should

* Indeed^ they are often highly developed in themselves while accompanied by
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be able to confirni my su rmises bv actiml i-xperime

effects of sot ions on the ant

well known observations i of Hensen ei

in a similar to tt

decapod, tin,Myi4*, and thus to diseove nature ai

ire the

with which I mr\-e the e

theorem, an d sin lihir to the supposed functions of

the organ o [ c:on

The beautiiul > e of the plnm<

Culex Musq>nlo i s well known to all i nier :.S<-opistS^

of the male
I these

gin my experiments. The antennae of these insects are twelve-

jointed and from each joint radiates a whorl of librils. and the

latter gradually decrease in their lengths as we proceed troni

those of the second joint from the base of the antenna to those

of the second joint from the tip. These fibrils are highly .'las-

tic and so slender that their lengths are over three hundred

times their diameters. They taper slightly, so that their diam-

eter at the base is to the diameter near the tip as 3 to 2.

I cemented a live male mosquito with shellac to a irlass slide

and brought to bear on various fibrils a }tb objective. I then

sounded successively, neai the stage of the microscope, a series

of tuning-forks with the openings of their resonant boxes

turned toward the fibrils. On mv first trials with an Ut,

fork, of 512 v. per sec, I was delighted with the results of the

experiments, for I saw certain of the fibrils enter into vigorous

vibration, while others rem m 1 'Mipai lively at rest.

The table of experiments which T nave given is

tic of all of the many series which I have made. In the first

column (A) I have given the notes of the forks in the French

notation, v - upon his forks. In the second

(B) are the amplitudes of the vibrations of the end of the fibril

in divisions of the micrometer scale; and in column (C) are

the values of these divisions in fractions of a millimeter.

The superior effect of the vibrations of the Ut 4
fork on the

fibril is marked, but thinking that the differences in the ob-
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served amplitudes of the vibrations might be owing to differ-

ences in the intensities of the various sounds, 1 repeated the

experiment, but vibrated the forks which gave the greater am] di-

tudes of co-vibration with the lowest intensities ; and although

I observed an approach toward equality of amplitude, jet the

fibre gave the maximum swings when Ut
4
was sounded, and I

was persuaded that this special fibril was tuned to unison with

Ut, or to some other note within a semitone of it. The differ-

ences of amplitude given by Ut
4
and Sol

3
and Mi

4
are con-

siderable, and the table also brings out the interesting observa-

tion that the lower (Ut
3 ) and the higher (Ut

5 ) harmonics of

Ut
4
cause greater am; i than any intermedi-

ate notes. As long as a universal method for the determination

of the relative intensities of sounds of different pitch remains

undiscovered, so long will the science of acoustics remain in its

present vague qualitative condition.* Now, not having the

means of equalizing the intensities of the vibrations issuing

from the various resonant boxes, I adopted the plan of sound-

ing, with a bow, each fork with the greatest intensity I could

obtain. I think that it is to be regretted that Kd'nig did not

adhere to the form of fork, with inclined prongs, as formerly

made by Marloye ; for with such forks one can always repro-

duce the same initial intensity of vibration by separating the

prongs by means of the same cylindrical rod which is drawn

between them. Experiments similar to those already given

revealed a fibril tuned to such perfect unison with Ut
3
that it

vibrated through 18 divisions of the micrometer or -15 mm.,

while its amplitude of vibration was only 3 div. when Ut
4
was

sounded. Other fibrils responded to other notes, so that 1 infer

from my experiments on about a dozen mosquitos that their

libriis ;ire tuned to sou: ids extending through the middle and

next higher octave of the piano.
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To subject to a severe test the supposition I now entertained,
that the fibrils were tuned to various periods of vibration, I

measured with great care the lengths and diameters of two
fibrils, one of which vibrated strongly to Ut

3 , the other as

powerfully to Ut
4 ; and from these measures I constructed in

homogeneous pine wood two gigantic models of the fibrils ; the

one corresponding to the Ut
3

fibril being about one meter long.

After a little practice I succeeded in counting readily the

number of vibrations they gave when they were clamped ;it

one end and drawn from a horizontal position. On obtaining
the ratio of these numbers, I found that it coincided with the

ratio existing between the numbers of vibrations of the forks

to which co-vibrated the fibrils of which these pine rods were
models.

The consideration of the relations which these slender, taper-

ing, and pointed fibrils must have to the aerial pulses acting on
them, led me to discoveries in the physiology of auditi

. imagine are entirely new. If a sonorous wave falls upon one
of these fibrils so that its wave-front is at right angles to the

fibril, and hence the direction of the pulses in the wave are in

the direction of the fibril's length, the latter cannot be set in

vibration
; but if the vibrations in the wave are brought more

and more to bear athwart the fibril it will vibrate with ampli-

tudes increasing until it reaches its maximum swing of co-vibra-

tion, when the wave-front is parallel to its length and therefore

lion of the impulses on the wave are at right angles to

the fibril. These curious surmises I have confirmed by many
experiments made in the following manner. A fork which
causes a strong co-vibration in a certain fibril is brought near

the microscope, so that the axis of the resonant box is perpen-

dicular to the fibril and its opening is toward the microscope.

The fibril, in these circumstances, enters into vigorous vibra-

tion on sounding the fork ; but, on moving the box around
the stage of the microscope so that the axis of the box always

points toward the fibril, the amplitudes of vibration of the fibril

gradually diminish, and when the axis of the box coincides

with the length of the fibril, and therefore the sonorous pulses

act on the fibril in the direction of its length, the fibril is abso-

lutely stationary and even remains so when the fork, in this

position, is brought quite close to the microscope. These ob-

servations at once revealed to me a new function of these

organs ; for if, for the moment, we assume that the antennae are

really the organs which receive aerial vibrations and
them to an auditory capsule, or rudimentary labyrinth, then

these insects must have the faculty of the perception of the

direction sound more highly developed than in any other class

of animals. The following experiments will show the force of

Am. Jouk. Sci.—Third Series, Vol. VIII, No. 44 —Aug., 1874.
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this statement and at the same time illustrate the manner in

which these insects determine the direction of a sonorous
center. I placed under the microscope a live mosquito, and
kept my attention fixed upon a fibril which co-vibrated to the

sound of a tuning-fork, which an assistant placed in unknown
positions around the microscope. I then rotated the stage of

the instrument until the fibril ceased to vibrate, and then drew
a line on a piece of paper, under the microscope, in the direc-

tion of the fibril. On extending this line, I found that it

always cut within 5° of the position of the source of the sound.

The antennae of the male mosquito have a range of motion in

a horizontal direction, so that the angle included between them
can vary considerably inside and outside of 40°,* and I con-

ceive that this is the manner in which these insects during
night direct their flight toward the female. The song of the

female vibrates the fibrillae of one of the antennae more forci-

bly than those of the other. The insect spreads the angle be-

tween his antennae, and thus, as I have observed, brings the

fibrillae, situate within the angle formed by the antennae, in a

direction approximately parallel to the axis of the body. The
mosquito now turns his body in the direction of that antenna

whose fibrils are most affected, and thus gives greater intensity

to the vibrations of the fibrils of the other antenna. When he

has thus brought the vibrations of the antennae to equality of

atensity, he has placed his body in the direction of the radia-

tion of the sound, and he directs his flight accordingly ; and

from my experiments it would appear that he can thus guide

himself to within 5° of the direction of the female.

Some may assume from the fact of the co-vibration of these

fibrils to sounds ofdifferent pitch, that the mosquito has the p< met
of decomposing the sensation of a composite sound into its sim-

ple components, as is done by the higher vertebrates ; but I do

not hold this view, but believe that the range of co-vibration of

the fibrils of the mosquito is to enable it to apprehend the

ranging pitch of the sounds of the female. In other words, the

want of definite and fixed pitch to the female's song demands

for the receiving apparatus of her sounds a corresponding range

of co-vibration, so that instead of indicating a high order of

auditory development it is really the lowest, except in its

power of determining the direction of a sonorous center, in

which respect it surpasses by far our own ear.f
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The auditory apparatus we have just described does not in the
least confirm Helmholtz's hypothesis of the functions of the organ
of Corti ; for the supposed power of that organ to decompose a so-

norous sensation depends upon the existence of an auditory nerve
differentiated as highly as the co-vibrating apparatus, and in tin-

case of the mosquito there is no known anatomical l>asis lor

such an opinion. In other words, my researches show
nal co-vibrating organs whose functions replace those of the
tympanic membrane and chain of ossicles in receiving and trans-

mitting vibrations ; while Helmholtz's discoveries point to the
existence of internal co-vibrating organs which have no anal
ogy to those of the mosquito, because the functions of the for

mer are not to receive and transmit vibrations to the sensor
apparatus of the ear, but to give the sensation of pitch and t<

decompose a composite sonorous sensation into its elements
and this they can only do by their connection with a nervou
development whose parts are as numerous as those of the co
vibrating mechanism. Now as such a nervous ov_

does not exist in insects, it follows that neither anatomical nor
functional relations exist between the co-vibrating fibrils on
the antenna? and the co-vibrating rods in the organ of Corti,

and therefore, that neither Hensen's observations on the Mysis

(assumed by Helmholtz to confirm his hypothesis), nor mine on
the mosquito, can be adduced in support of Helmholtz's hypo-
thesis of audition.*
The above described experiments were made with care, and

I think that I am authorized to hold the opinion that I have
established a physical connection existing between the sounds
emitted by the female and the co-vibrations of the antennal

fibrillae of the male mosquito; but only a well established plrjr-

: relation between these co-vibrating parts of the ani-

mal and the development of its nervous system will authorize

us to state that these are really the auditory organs of the insect.

At this stage of the investigation I began a search through the

zoological journals, and found nearly all that I could desire in

a paper, m vol. iii, 1855, of the Quarterly Journal of the Micro-

the same dynamic relation to the tympanic membrane, which r

Really, we

uter ears into different directions,

it is also a fact that "when one ear is slightly de: "
"

so affected always supposes^ sound to come from
* Also, the org tared in the lower vertebrates,

likely that it wi
have weight v

"
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quiio, by Christopher Johnson, M.D., Baltimore, U. S."
In this excellent paper I found clear statements showing

that its talented author had surmised the <

the physical facts which my experiments and observations have
confirmed. To show that anatomical facts conform to the hy-
pothesis that the antennal fibrils are the auditory organs of the

" * T
cannot do better than quote the following from

Dr. Joi

" While bearing in mind the difference between feeling a

noise and perceiving a vibration, we may safely assume with

Carus—for a great number of insects, at least,—that whenever
true auditory organs are developed in them, their seat is to be
found in the neighborhood of the antenna. That these parts

themselves are, in some instances, concerned in collecting and
transmitting sonorous vibrations, we hold as established by
the observations we have made, particularly upon the Culex

mosquito ; while we believe, as Newport has asserted in general

terms, that they serve also as tactile organs.

" The male mosquito differs considerably, as is well known,

from the female ; his body being smaller and of a darker color,

* A short time before the death of my friend. Prof. Agassiz, he wrote me these

words :
" I can hardly express my delight at reading your letter. I feel you

have hit upon one of the most fertile mines for the elucidation of a problem

which to this day is a puzzle to naturahsts, the seat of the organ of hearing in
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and his head furnished with antenna and palpi in a state of

greater development. (Fig. 2.) Notwithstanding the fitness of

his organs for predatory purposes, he is timid, seldom entering

dwellings or annoying man, but restricts himself to damp and

foul places, especially sinks and privies. The female, on the

other hand, gives greater extension to her flight, and attacking

our race, is the occasion of no inconsiderable disturbance and

vexation during the summer and autumn months.

"The head of the male mosquito, about 0"67 mm. wide, is

provided with lunate eyes, between which in front superiorly

are found two pyriform capsules nearly touching each other,

and having implanted into them the very remarkable antennae.

" The capsule, measuring about 0"21 mm., is composed of a

horny substance, and is attached posteriorly by its pedicle,

while anteriorly it rests upon a horny ring, united with its

fellow by a transverse fenestrated band, and to which it is

joined by a thin elastic membrane. Externally it has a rounded

form, but internally it resembles a certain sort of lamp shade

with a constriction near its middle ; and between this inner cup

and outer globe there exists a space, except at the bottom or

proximal end, where both are united.

"The antennas are of nearly equal length in the male and

the female.

"In the male, the antenna is about 1-75 mm. in length, and

consists of fourteen joints, twelve short and nearly equal, and

two long and equal terminal ones, the latter measuring

(together) 070 mm. Each of the shorter joints has a fenestrated

skeleton witlskeleton with an external

posteriorly, but is encircled ant.- -v papilte,

upon which are implanted long and stiff hairs, the proximal sets

being about 0"79 mm. and the distal ones 0-70 mm. in length

;

and it is beset with minute bristles in front of each whorl.

" The two last joints have each a whorl of about twenty

short hairs near the base.

"In the female the joints are nearly equal, number but

thirteen, and have each a whorl of about a dozen small hairs

around the base. Here, as well as in the male, the parts of the

antennas ei m upon each other, except the

basal joint, which, being fixed, moves with the capsule upon

which it is implanted. „ - , i

" The space between the inner and outer walls of the capsule,

which we term confidently the auditory capsule,* is filled with

a fluid of moderate consistency, opalescent and containing

minute spherical corpuscles, and which probably bears the

same relation to the nerve as does the lymph in the scala? ot

the cochlea of higher animals. The nerve itself, of the antenna

proceeds from the first or cerebral ganglion, advances toward

* See fig. 2.
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the pedicle of the capsule in company with the large trachea,
which sends its ramifications throughout the entire apparatus,
and, penetrating the pedicle, its filaments divide into two por-

tions. The central threads continue forward into the antenna,
and are lost there ; the peripheral ones, on the contrary, radiate

outward in every direction, enter the capsular space, and are
lodged there for more than half their length in sulci wrought
in the inner wall or cup of the capsule.

" In the female the disposition of parts is observed to be
nearly the same, excepting that the capsule is smaller, and that

the last distal antennal joint is rudimental.
" The proboscis does not differ materially in the two sexes

;

but the palpi, although consisting in both instances of the same
number of pieces, are very unlike. In the female they are

extremely short, but in the male attain the length of 2 '73 mm.

;

while the proboscis measures but 216 mm. They are curved
upward at the extremity.

« * # * The position of the capsules strikes us as extremely

favorable for the performance of the function which we assign

to them ; besides which there present themselves in the same
light the anatomical arrangement of the capsules, the disposi-

tion and lodgment of the nerves, the fitness of the expanded
whorls for receiving, and of the jointed antennae fixed by the

immoveable basal joint for transmitting, vibrations created by
sonorous undulations. The intra-capsular fluid is impressed

by the shock, the expanded nerve appreciates the effect of the

sound, by the quantity of the impression; of the pitch, or

quality by the consonance of particular whorls of si

according to their lengths ; and of the direction in which the

undulations travel, by the manner in which they strike upon

the antennas, or may be made to meet either antenna in conse-

quence of an opposite movement of that part.

" That the male should be endowed with superior acuteness

of the sense of hearing, appears from the fact, that he must seek

the female for sexual union either in the dim twilight or in the

dark night, when nothing but her sharp humming noise can

serve him as a guide. The necessity for an equal perfection of

hearing does not exist in the female ; and, accordingly, we find

that the organs of the one attain a development which the

others never reach. In these views we believe ourselves to be

borne out by direct experiment, in connection with which we

may allude to the greater difficulty of catching the male

"In the course of our observations we have arrived at the

conclusion, that the antennas serve to a considerable extent as

organs of touch in the female ; for the palpi are extremely

short, while the antennas are very moveable, and nearly equal
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i length. In the male, however, the length and
! to look for the

seat of the tactile sense elsewhere, and, in fact, we find the two
apical antenna! joints to be long, moveable, and comparatively
free from hairs; and the relative motion of the remaining joints
very much more limited."

My experiments on the mosquito began late in the fall, and
therefore I was not able to extend them to other insects. This
spring I purpose to resume the research, and will experiment
especially on those orthoptera and hemiptera which voluntarily
emit distinct and characteristic sounds.

4. Suggestions as t» the fu, „(',<„, ,,f the Spiral Scaloz of the

Cochlea, leading to an Hypothesis of the Mechanism of Audition.

As the auditory nerve has by far its highest development in

the cochlea, it is a natural inference that this part of the ear is

chiefly concerned in audition, and that the very peculiar form
of the cochlea fulfills some important function

;
yet the rela-

tions of this form to the mode of audition has occupied but
little the attention of physiologists. The only suggestion as to

the uses of its form with which I am acquainted, is that given
by Dr. J. W. Draper in his Physiology, N. Y., 1855. This

-lied scientist states that " it may be imagined how it

is that a sound passing through the auditory canal, the bones
of the tympanum, the membrane of the fenestra ovalis, and
thus affecting its destined portion of the lamina, does not give
rise to an idea in the mind of repetition or reverberation by
moving back and forth through the two scalae and affecting its

proper nerve fibril at each passage. Is there not a necessity

for the exertion of some mechanism of interference which shall

destroy the wave after it has once done its work ?' r

Dr. Draper
then reasons that this reverberation is prevented by the scalae

being of different lengths and by the fact of their j unction in

the helicotrema. These two circumstances give rise to inter-

ferences, in the helicotrema, of the waves which have proceeded
from the stapes up the scala vestibuli with the waves which
passed from the membrana tympani across the tympanum to

the fenestra rotunda, and thence up the scala tympani to the

helicotrema. Dr. Draper also states that when the stapes is

pushed in by the contractions of the tensor-tympani and
stapedius muscle, the relative length of the scalas is changed,
and thus the proper adjustment for an interference is effected.

But even granting that " reverberations or repercussions " take
place in a body like the whole apparatus of audition, whose
heterogeneous structure must make all of its vibrations, taken

as a mass, forced oscillations, I do not agree with my distin-

guished friend in thinking that the difference in the lengths of
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the scalse could bring about any interference except of the
most minute and inefficient amount ; even if we could agree
with Dr. Draper that the intensity of the pulses sent from the
fenestra rotunda nearly equal the intensity of those sent up
the scala vertibuli from the stapes. The following considera-
tions will make clear our objections to the hypothesis of Dr.
Draper. If we take the mean wave-length of the sounds which
fall upon the ear as that of the treble G of 440 vibrations per
second, it follows that this wave-length will be one meter. But
the velocity of sound in the fluid of the scalse is, at least, 4£
times what it is in air of the same temperature ; therefore the
average length of the sonorous waves which traverse the scalae
is 4J meters, and hence for two such waves, meeting in the
hehcotrema, to completely interfere, one scala would have to ex-
ceed the other in length by 2-12 meters. But the entire length of a
scala is at the highest only 29 mm., and the difference in their
length, taken at its maximum, is so slight that the diminution
in the intensity of the resultant wave produced in the helico-
troma is inappreciable ; and especially will it be so considered
when we take into account the relatively feeble intensity of
the wave which is sent from the tympanic membrane across the
air of the drum on to the membrane of the fenestra rotunda,
where two sudden changes in density occur before it passes up
the scala tympani.
The following attempt at an explanation of the functions of

the spiral stairwavs of the cochlea is given merely as a sug-
gestion, and with the hope that I may thereby call the atten-
tion of students of physiological acoustics to the consideration
of the uses of these peculiar forms. Eecent studies in embry-
ology and comparative anatomy have shown that the ductus
cochlearis is tne essential part of the ear, and that the forms of
the scalae are determined by it; for "the original soft parts of
the cochlea are distinct from their osseous capsule, which
belongs to the petrous bone ; the scalae are secondary formations
around the principal canal of the cochlea, the ductus cochlearis,
whose epithelial lining proves eventually to be the germ center,
so to speak, of the entire apparatus."

( Waldeyer, On the Auditory
Nerve and Cochlea ; in Strieker's Histology.) The fact that the
ductus controls the form of the scalse, and not vice versa, shows
that the scalae must bear some very important functional rela-
tion to the ductus. This relation will become evident on con-
sidering the actions which must take place when a sound-wave
traverses the scalse.

All know that the organ of Corti is enclosed in the ductus
cochlearis a canal of triangular section bounded on two of its
sides by the scalae and on its third by the membranes lining
the outer wall of the cochlea. The upper wall of this canal is
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formed by the membrana Reissneri, which separates it from the
scala vestibuli, and its lower wall is the lamina spiralis, and the
elastic membrana basilaris, which separate it from the scala
tympani. The ductus is closed at its upper end, and at its

lower end it communicates with the sacculus hemisphericus by
a fine duct. The arch of Corti rests upon the membrana
basilaris, which extends beyond the base of the arch to the
membranous outer wall of the cochlea, and over the arch
spreads the membrana tectoria, covering the rods of Corti and
the hair-cell cords as with a roof, but leaving the outer portion
of the elastic membrana basilaris exposed. We will now show
that the significance of these anatomical relations is to bring the
sound vibrations to act with the greatest advantage, on the
co-vibrating parts of the ear, and to cause these parts to make
one-half as many vibrations in a given time as the tympanic or
basilar membranes.
The relations which the form of the scala? bears to the sono-

rous waves traversing them, will be modified according to the
existence or non-existence of a communication between the
scalae. On this point there seems to be some difference of

opinion, and, therefore, I will attempt to explain the functions
of the scalae, first, on the supposition that they are continuous,
and then on the assumption that they are not continuous, but
closed at the place where the helicotrema is supposed by most
anatomists to exist.

E. Weber was the first to point out the peculiar molecular
actions which exist when the dimensions of a body are very
small compared with the length of the sonorous waves which
traverse it; and Helmholtz based his investigations on the

of the Ossicles of the Ear on the theory of Weber,
which Helmholtz gives in these words :

" The difference in dis-

placement of two oscillating particles, whose distance from one
another is infinitely small compared with the wave-length, is

itself infinitely small compared with the entire amplitude of

displacement'' It is evident that the compressions and dilata-

tions which may exist in any body, depend entirely on the differ-

ences in the phases of the vibrations constituting the sonorous
wave, and when the body has a depth equal to half a wave-
length it can embrace the maximum amount of condensation
and rarefaction. But condensation Id tatio .'one produce
lateral action on the walls of a straight canal traversed by sono-

rous vibrations, and hence, if the length of the canal be but a

small fraction of the wave, then there exists throughout the

canal but little difference in phase, and therefore but little

lateral action. Now the united lengths of the scalae is but a

small fraction of the mean length of the sonorous waves which
traverse it ; for if we take, as above, 4| meters as the mean
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length of the waves which are propagated through the scalae,

and 59 mm. as the length of the united scalae, it follows that

the latter is only ^ of the mean wave-length. Now if we
imagine the scalae straightened and forming one continuous tube
with a free communication existing at the heJicotrema, then
the mean wave traversing them will cause only j»¥ of the lateral

action which this same wave would produce if the scalae had the

length of half of the wave, and it follows that the whole liquid

of the scalae would vibrate forward and backward almost as

an incompressible mass, approaching in character to the oscilla-

tions of a solid piston in a cylinder ; therefore, the action

against the walls of the ductus cochlearis would be very slight.

But now consider the change in effect on the ductus which
takes place when it, together with the scalae, is wound up into

such an ascending spiral as exists in the ear. The molecules of
the liquid in the scalae, thrown forward and backward by the
vibrations of the stapes, tend to move in straight lines, but the

now curved form of the scalae causes them to press against the

outer or peripheral part of the upper wall (rnembrana Beiaaneri)
of the ductus cochlearis, and against the outer part of the lower
wall (membrana basilaris) when the stapes moves inward, and
when it moves outward this action of compression is relieved

from the two opposite walls of the ductus. But these actions

produced by the stapes on the two walls of the ductus are

opposed to each other, and since they take place simultaneously
and with about the same intensity, (by reason of our assum pri< >n

of the free communication of the scalae,) the rods of Corti and
the hair-cells will not vibrate but will only experience com-
pressions and dilatations like the fluid in which they are

immersed. Therefore, there appears to me a physical basis for

the opinion that either there is no communication between the
scalae, or, if the helicotrema exist, that it must be a very con-
stricted passage. Indeed, if we adopt the latter view, then
everything works to produce the maximum effect on the co-vi-

brating parts of the organ of Corti ; for when the stapes moves
inward the pressure is thrown on the outer border of the upper
wall, or roof, of the ductus, thence across to the peripheral por-

tion of the basilar membrane. This action, we may say, takes
place simultaneously throughout the whole length of the duc-
tus, moves downward the floor of the basilar membrane, and
thus presses the fluid of the scala tympani against the fenestra
rotunda and moves this membrane outward. When, however,
the stapes moves outward, the pressure is relieved from the
elastic basilar membrane, which is now moved upward,
the fenestra rotunda
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There are also other anatomical facts besides the inclination
of the membrana Eeissneri to the plane of the membrana basi-

laris, and the inclination of both these membranes to the plane
perpendicular to the axis of the cochlea, which favor an opin-
ion that the outer or peripheral part of the basilar membrane
receives the main part of the vibrations which enter the ductus.
The auditory nerve fibrils are not attached to the Corti rods or
pillars, as was formerly imagined ; and, therefore, these bodies
cannot be the co-vibrating parts of the ductus ; but the Corti pil-

lars appear to act, in conjunction with the cylindrical nerve-cells

of Hensen, as supports for the lamina reticularis, between which
and the basilar membrane are steadily and tensely stretched
the hair-cell cords (as I will term them) ; and to these cords are

attached the nerve-fibrils. Waldeyer says, on this point, that
" The outer radial fibers direct their course, as Gottstein has
found, toward the tunnel of Corti, passing "between the inner
pillars and traversing the tunnel about midway between the

summit and base of the arch ; in a profile view these fibers

appear like stretched harp-springs. On leaving the arched
space they pass between the outer pillars and direct their course
— rising a little toward the si-ula vestibuli—straight to the

hair-cells, with which they become completely fused. In sev-

eral preparations from the dog and the bat I have seen this ter-

mination of the nerves in the most convincing manner, at least

) far as the innermost p mcerned
;

other rows, we may pretty confidently assert that the termina-

tion of the nerves is the same, for we can frequently see sev-

eral fibers passing at the same time between the outer pillars.
11

The very fact that the number of these hair-cell cords increases

with the higher development of the ear shows their important
function; for, while in man they are arranged alternately in

five rows and number 18,000, in other Mammalia there are

only two or three rows.* These hair-cell cords are more per-

pendicular to the basilar membrane than the Corti rods, and
are also different in their forms, having swellings in the middle
of their lengths. These swellings must cause them to act like

loaded strings, and each hair-cell cord is peculiarly well adapted
to co-vibrate with only one special sound. Also, these hair-

cell cords are placed in reference to the sound pulses, striking

them somewhat in the relation which the antennal fibrils of the

mosquito bear to a wave-surface to which their lengths are per-

* It is to be regretted that no accurate measures of the lengths and diameters
of tiie rods and cords of the organ of Corti have been secured. The
of the arch of Corti certainly double their length in going from the base to the top
of the ductus; but does this fact point them out as bodies suitably proportioned

3 extending through at least eight octaves t I known of no
" msions are determined, physiolo-
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pendicular. The hair-cell cords, therefore, will not be set in

vibration by the action of the feeble pulses which may reach

them directly through the membrana Reissueri from the scala

vestibuli ; and furthermore, the shielding influence of the mem-
brana teetoria tends to prevent this direct action on the cords.

If my view be correct, that these cords receive their vibrations

from the basilar membrane, and not directly from the impulses

sent into the ductus, it necessarily follows that these cords bear

to the membrane, to which they are attached, the same rela-

tion as stretched strings bear to the vibrating tuning-forks in

Melde's experiments ; and, therefore, a cord in the ductus will

mly half as often in a second as the basilar membrane to

which H is fastened. Experiments, similar to those described in

section 1 of this paper, illustrate very well our hypothesis of

audition. Thus, the membrane, placed near the sounding reed,

stands for the basilar membrane ; strings, of various lengths

and diameters and loaded at their centers, are fastened to the

membrane and represent the hair-cell cords. On sounding the

reed-pipe, only those strings in tune with the harmonics exist-

ing in the composite sound of the reed will enter into vibration
;

just as when the same sound vibrations enter the ear, and vi-

brate the basilar membrane, the only hair-cell cords which
enter into vibration are those in tune with the elementary vi-

brations existing in the membrane. Also, it is to be observed
that as the loaded string makes one vibration to two of the

membrane, so the hair-cell cord makes only one vibration to

two of the basilar membrane.
If it be true that when simple vibrations impinge on the ear,

the tympanic and basilar membranes vibrate twice, while the

co-vibrating body only vibrates once, then it follows that if the

same simple vibrations can be sent directly to the co-vibrating

parts of the ear, without the intervention of the basilar mem-
brane, we should perceive a sound which is the octave of the

one we experienced when the same simple vibrations entered

the ear through the tympanic membrane. Hence it appears

that our hypothesis can be brought to the test of experiment
in the following manner: A tuning-fork held near the ear

causes a sensation corresponding to the designated pitch of the

fork. But the vibrations of this fork can be sent to the inner

ear through the bones of the head ; and although we cannot
prevent the simultaneous vibration of the tympanic and basilar

membranes, yet we can at the same time directly vibrate all the

parts of the inner ear. Therefore, if we first hold this fork near

the ear and note its pitch and the quality of its sound, and then
press its foot firmly against the temporal bone, we should per-

ceive a marked difference in the timbre of the fork when
sounded in these two different positions ; for when its foot is
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against the head we should hear the usual simple sound of the
fork accompanied by its octave.

Thus, if we take an Ut 8 fork and vibrate it near the ear, and
closely apprehend the character of its sound, we shall experience
a sensation which certainly does not contain that correspond-
ing to the higher octave of the fork. Now, press firmly the
foot of the fork against the zygomatic process, close to the ear,

directing the foot of the fork somewhat backward, and we shall

distinctly hear the higher octave of the fork singing in concert
with its real note. If the auditory canal be now closed by
gently placing the tip of the finger over it, we shall perceive the
higher octave with an intensity almost equal to that of the fun-
damental note. The same sensation, though less intense, may
be obtained by placing the fork on any part of the temporal
bone. One can also perceive distinctly the higher octave when
the fork is placed on the parietal bone, about two inches in

front of and an inch or so to the side of the foramen, and its

foot directed toward the opposite inner ear, while the auditory
canal of this ear is gently closed with the tip of the finger. But
the higher octave sings out with the greatest intensity when the
foot of the fork is placed on the tragus of the outer ear. A
friend, who is a musician as well as a physicist, repeated these

experiments, and he informs me that when the foot of the fork
is placed against the tragus of his ear he hears the higher octave
to the almost entire exclusion of the lower, and with a clearness

that reminds him of the sensation perceived when an Ut
4
resona-

tor, placed to the ear, reinforces its proper note. The higher
octaves of several forks have been thus perceived, but the forks
from TJt

3 to Ut
4
inclusive appear to give the best results.

The fact that sound pulses sent to the inner ear through the
head give the sensation corresponding to the higher octave of
that perceived when the fork vibrates the air outside the ear,

and, therefore, that different co-vibrating parts of the ear are

set in action by the vibrations reaching the ear by these two
different routes, is a necessary consequence of my hypothesis of

the mode of audition, and was not suspected until my hypothe-
sis pointed it out to me, and was not known until I attempted to

test the hypothesis by experiment. I know of no other hypo-
thesis that accounts for this fact, which, while it is a necessary

the latter, the co-vibrating parts of the ear make as

many oscillations in a given interval as the tympanic and basi-

lar membranes.
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In the January number of this Journal, Mr. Leo Lesquereux
describes two fossils, found in the upper portion of the Cincin-

nati group, near Lebanon, Ohio. These he considers as the re-

mains of land plants, and refers them to the genus Sigillaria

;

and this case is cited as the first instance where plants so highly

organized have been met with in Lower Silurian rocks.

Through the kindness of the Kev. H. Hertzer, to whom the

specimens in question belong, they had been in my possession

some time before the publication of Mr. Lesquereux 's notice,

and I had examined them with some care for the purpose of

determining, if possible, their botanical relations. I had also

made careful drawings of them, of which copies are herewith

submitted. As the result of my examination, I am compelled
to say that I fail to find, either in the external characters or in-

ternal structure of these specimens, any satisfactory evidence
that they re] . still less that they form species

of the genus Sigillaria. Their external markings are fairly rep-

resented in the accompanying figures, and they exhibit no in-

rerun I organic structure whatever. They are simply casts in

earthy limestone without carbonaceous matter, or any traces

of woody tissue.

The smaller specimen (fig. 1) is a discoid section of a cylin-

drical trunk, of which the external surface is very smooth, but
is marked hy a reticulation not
unlike that of one section of the

genus Sigillaria. I did not dis-

cover, however, any dots or tu-

bercles in the center of the mesh-
es, such as are referred to by
Mr. Lesquereux, and which,

were they present, might be sup-

posed to represent the place of

the nutrient vessels of the leaves. Taken by itself, I should

say that this specimen might be a sponge or some other low

form of marine life, quite as well as a Sigillaria. Since it is so

small and forms so little of the original organism, I think it

would be unsafe to make it the base of any general and impor-

tant conclusion.

The laTger specimen (fig. 2) is represented, like the other,

of natural size. This is also a cast of a nearly c \

trunk, of which the external surface is roughened by irregularly

disposed and unequally sized lenticular prominences. These
resemble, in a rude way, the leaf scars borne by the trunks of
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some Lycopodiaceous or Cjcadaceous plants, but they do
exhibit the spiral arrangement, nor the details of i—-

which the leaf-scars of such plants almost uniformly rel
tu

' fo**il state. In the interior of this trunk are seen a ]

the irregularly scattered points of carbonaceous matter, but they
are not continuous fibers, and to my eye show no traces of
structure.

.
' WClBg .ill the characters of these interesting fossils into

sideration, I am disposed to regard them as casts of the st

oi fucoids. Had they been land plants, they would almost
tainly exhibit more distinctness and regularity of surface-
marking, some coating of carbonaceous matter, and some traces
or organic structure. A large number of specimens of sea
floated land plants, which we have found in the Devonian lime
stones of Ohio, ical affinities by these char
acters. The remains of fucoids, on the contrary, consist almost
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universally of mere casts of their external surface, carbonaceous

mutter ami inten al >tr mture having both entirely disappeared.

The physical condition of the region about Cincinnati, during

the Lower Silurian age, strengthens the conclusion that the spe-

cimens under consideration are not the remains of land plants.

As I have Bh Cincinnati arch was raised at

the close of the Lower Silurian age. Subsequent to that time

it formed a group of islands, which, during the Devonian age,

were probably covered with a luxuriant terrestrial vegetation.

But during the period when the Cincinnati group was depo

an open sea occupied all this

The shores of this

Adirondacks, the Canadian Highlands and the Eozoic area (

the south shore of Lake Superior, nowhere nearer than 500
miles from the locality where these specimens were found. In

these circumstances we must regard it as extremely improbable

that specimens of two species of land plants should be floated

from this far-off shore and should be deposited together in the

calcareous sediment accumulating at the sea bottom near where

i now stands. That fucoids should be found there is,

however, not at all strange, for they float to all parts of all

oceans, and other fucoids are frequently met with in the Cin-

cinnati group of this vicinity.

For the reasons given above, I should hesitate to rest upon

these specimens so important a conclusion as that promulgated

by Mr. Lesquereux. I would not be understood, however, to

assert positively that they are not the remains of land plants,

for they are too imperfect to be decisive of that question, but

only this, that they do not afford characters which permit me
to accept them as evidence of the existence of land plants, and
certainly not ofSiyillarice in Ohio, during the Lower Silurian age.

The remains of what have been called land plants have been

discovered in the Lower Cambrian sandstones of Sweden, and
two species of these have been described {Eophylon Linn&mum
Torell, and E. Torelli Linnarsson). The specimens are said by
algologists not to be the remains of algae, but they are consid-

ered to be vascular cryptogams or monocotyledons. It is not

certain, however, that "they^ are not thallogens, as all traces of

structure are lost and nothing is left but the impression of the

external surface,f
The evidence of the existence of land plants during the Upper

Silurian age is more satisfactory. Prof. J. W. Dawson of

Montreal has announced the discovery of vascular cryptogams

* Geological Survey of Ohio, vol. i, part i, page 93.

f Geological 11. . the Ofversigt af Kongl. 1

Akademiens Forhandlingar, 1873, No. 9, Stockholm (the Bulletin of we «
Swedish Academy) A. Nathorst has an article, illustrated by several plate

which he shows a close resemblance between the forma of Eophyton and the t

of drifting Fuci and other plants, and suggests this origin for them.—Eds.]
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in the Upper Silurian strata of Gaspe, Canada.* Here, with a
large number of fucoids, a few specimens have been found,
which he refers to his genus Psilophyton. In these the scalari-

form axis and the outer fibrous bark both remain, and serve as
guides in their classification.

With these exceptions, no land plants are reported below the
Devonian. On this point, however, the evidence is all negative,

and highly organized land plants may be at any time found in

the Lower Silurian rocks. Indeed, the variety and high rank
of the Devonian flora prepares us to expect such a result.

Strict accuracy compels us to state, however, that up to the
present time positive proof of the existence of land plants in the

Lower Silurian has not been met with in other countries, nor is

it furnished by the specimens under consideration.

Art. XI.—A Criticism upon the Contractional Hypothesis; by
Captain C. E. Dutton, U. S. A.f

The hypotheses, which have been put forth to explain the

part performed by hypogeal forces in the evolution of the sur-

face features of the earth, are here referred to two types: 1st,

those attributing them to the contraction resulting from secular

loss of heat : this for the sake of convenience will here be called

the contractional hypothesis ; 2d, those arguments which have
been resorted to in order to explain isolated facts, or groups of
facts, by attributing them to the reaction of the interior to dis-

turbances produced by external changes : this will be called

the reactional hypothesis.

The argument for the contractional hypothesis presupposes
that the earth-mass may be considered as consisting of two por-

tions, a cooled exterior of undetermined (though probably com-
paratively small) depth, inclosing a hot nucleus. Although of

some importance to the argument, it is not regarded as a vital

question whether the nucleus be solid or fluid, nor whether the

two portions be abruptly distinguished, or merely dii!>

from each other. The secular loss of heat, it is assumed, would
be greater from the hot nucleus than from the exterior, and
the greater consequent contraction of the nucleus would there-

fore gradually withdraw the support of the exterior, which
would collapse. The resulting strains upon the exterior would
be mainly tangential. Owing to considerable ineo

the ability of different portions to resist the strains thus devel-
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oped, the yielding would take place at the lines, or regions of
stance, and the effects of the yielding would be mani-

fested chiefly, or wholly, at those places, in the form of

mountain chains, or belts of tabl<

of stratification. The primary division of the surface into areas

of land and water are attributed to the assumed smaller con-

ductivity of materials underlying the land, which have been
left behind in the general convergence of the surface toward
the center. Eegarding these as the main and underlying
premises of the contractional argument, it is considered unnec-
essary to state the various subsidiary proposition which have
been advanced to explain the determination <!' this' action to

r phenomena, since the main proposition upon which
! based is considered untenable.

5 can be no reasonable doubt that the earth-mass consists

of a cooled exterior inclosing a hot nucleus, and a necessary

corollary to this must be secular cooling, probably accompanied
by contraction of the cooling portions. But when we apply the

known laws of thermal physics to ascertain the rate of this cool-

ing, and its distribution through the mass, the objectionable

character of the contractional hypothesis becomes obvious.

As the process under discussion must have continued during
an immense duration, we must select some starting point at

which the mean temperature of the mass was materially greater

than at present. Assuming the degradation of temperature to

have been continuous, we have only to assign a duration of

sufficient length to arrive at a period when the whole mass, or a

considerable portion of it, was fluid. The selection of this

starting point is not altogether one of choice, but the one
pointed to by the only obvious mode of reasoning, and in itself

apparently not inconsistent with present facts. It is quite

foreign to the purpose to inquire bow the earth originally

received its store of heat, since the fact of possession covers all

grounds of present inquiry. As was indicated by Sir W.
Thomson, the distribution, both of materials and heat, under
the condition of fluidity would be an approach toward homo-
geneity, resulting from movements of convection taking place

through the liquid mass. The first stage of evolution resulting

from loss of lu-at would mj parently be that of consoli l.-ition.

The argument of Hopkins is here accepted, that consolidation
,

must begin at the center, as a consequence of the fact that pres-

sure elevates the congealing point ; and temperatures being kept
nearly uniform, the maximum pressure would determine the

primary point of congelation The solidification of materials at

the surface would result in sinking by their increased density
until the central soli -ded so near the sur-

face as to leave only an imperfectly liquid mass in which such
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movements, becoming more and more retarded, at length
ecus i. li a\ u,'_ a gli> c (ic| ;utiug from uniform temperature by
differences not greater than the differences in congealing tem-

a due to differences in pressure. The result would be a
solid tdobe, with, perhaps, isolated reservoirs of liquid matter,

which may have separated in the transition stage from fluid to

solid by reason of a higher melting point.

This assumption of the genesis of the earth, though regarded

as preferable to all others that have been proposed, is by no
means insisted on. It is selected because it gives to the con-

traction^ argument the fullest scope and widest range of

conditions consistent with known physical laws. There is

apparently no supposition which can reasonably allow a higher

interior temperature consistently with the formation of a stable

surface. To assume a lower temperature for the interior would
take away from that argument pro rata a portion of the possible

diminution of volume upon which it must rely to account for

surface corrugation. To assume a higher one would be a viola-

tion of physical laws as we now understand them, and virtually

constitute an inadmissible ;q peal to mysteries. Starting, there-

fore, from a globe possessing the highest degree of temperature

which can properly be conceded consistently with a condition

in which the evolution of surface features can begin, it remains

to inquire how far the cooling has progressed at the present

time
; what portions have been sensibly affected by it ;

and to

what extent each portion has been affected. Difficult as this

problem may seem, it is not beyond the reach of a general

solution : a ition will become possible imme-
diately upon the determination of certain data not wholly
•' md the reach of experiment.
Sir W. Thomson has very happily called Fourier's -

of this problem a "mj ;" and the discussion

of one of them * by that preeminent philosopher is here sum-

marized. Fourier's problem was that of "finding at any time

the rate of variation of temperature from point to point, and
the actual temperature at any point, in a solid extending to

infinity in all directions, on the supposition that at an initial

epoch' the temperature has had two different constant values

on the two sides of a certain infinite plane."

Let V denote half the difference of the two initial temperatures.

v half their sum.
t the time.

* the distance of any point from the plane.

T the temperature of the point x at the time t

x the conductivity of the material in terms of its own

thermal capacity.

Transactions Boy. Soc. Edinburgh, vol. xxiii.
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coefficient — , whose value, acccording to Fourier, is

dT_ V -£-

while the actual temperature at that point would be

t „-u
2V r^ * -**•

SpzJ t

These formulae for the supposed infinite solid are obviously

applicable for a limited period of time, and without sensible

error, to the cooling earth. Beyond that period it would be

necessary, in order to preserve their applicability, to introduce

the proper modifications rendered necessary by the spherical

form of the earth. It will soon appear, however, that the

present, and consequently all past, geological epochs lie far

within this limiting period, and hence we need not concern

ourselves with it ; in other words, the cooling of the earth, com-
paratively speaking, has made but very little progress up to the

present day. To obtain from these expressions determinate

values of -r- and T, it is first necessary to assiern some value

to x, the coefficient of conductivity. To find this Thomson
and Forbes instituted a series of experiments upon three

different qualities of rock material, by burying thermometers

nd('depths varying from 3 to 25 feet, and observing the effects c

the variations of atmospheric temperature upon them. The
observations, extending through fourteen years, were carefully

reduced for each to the sum of a number of terms, each of

which expressed a "simple harmonic," or vibration of tempera-

ture. By comparing the amplitudes of the annual vibrations

at different depths, the value of the conductivity was deter-

mined * for the materials experimented upon. For a mean
value of x, Thomson took 400 as the most probable one ; the

units being the foot, the degree F°, and the year. This value,

substituted in the first equation, gives

is also necessary to find some value for V, a matter of

difficulty. In the present case this will represent the

mum temperature of the interior at the beginning of the

at is, the value in terms of its specific heat. The specific heat Mi

by Regnault from blocks sent to him for ~ L
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lust be hypothetical We are concerned,
uch values of it as may have undergone

nelting point of the more
the chief bulk of the

nucleus. Presuming these to be anhydrous silicates for at
least 500 to 800 miles in depth, and paying due regard to the
effect of pressure upon the congealing point, we may accept Sir
William's estimate of this temperature, which he takes to be, at
a maximum, 7,000° F—a most abundant estimate. This
reduces the expression to a relation between three unknown

quantities, x, t, and -j~. If we desire to ascertain the rate of

variation of temperature per foot of depth, at the distance x,

after the lapse of the time t, (subject to data already given,)
we have merely to substitute the numerical values taken for

those quantities. Thus the variation <:>! temperature at the
depth of 2,000 feet, after the lapse of 100 million years, would

bC S= SiS5o*=5?8
°f

' ^^ F ^ f00t °£ dCSCei,L

For the same value of t, the rate of increase of temperature at

400,000 feet of depth would have diminished to T ± T of a degree

per foot ; at 800,000 feet, to less than 3 ,', F of a degree per foot

;

and below 150 miles the increase of temperature would not be
sensible. For points very near the surface—say ten miles or •

less—the exponential factor becoming sensibly equal to unity,

the equation shows that the increase of temperature would be

'nversely as the square root of the duration of the cooling. If

t be possible, therefore, to determine a true mean rate of

ncrease of temperature per foot of descent at any point near

the surface, the time required to elapse from the epoch of the

first establishment of the cooling to the present will become
known. This mean is placed by some investigators at *'* of a

degree F per foot, and by others at f», ; the former giving

about 100 million, and the latter about 130 million, years.

The accompanying graphical representationf exhibits the law
of increase of geothermal temperatures in accordance with Sir W.
Thomson's discussion of Fourier's theorem.
Of the general correctness of this theorem there can be no

doubt. We may, however, for the moment qualify t

tion by an inquiry as to the nature of one of the 1

entering the expression of it The coefficient of conductivity
x is regarded as a true constant Whether it is so in reality is

questionable. Experiments upon the conductivity of some
materials show that there is probably a variation,^: which is
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some function of the temperature. But if a function of the

temperature, it must also be a function of the time and depth,

and hence would alter the general form of the law, and affect

all quantitative evaluations derived from it* The general

Graphical representation of

tendency of the results of experiment seems to be toward the

conclusion that conductivity diminishes as the fluid state is

approached, and if we are to adopt that conclusion in this case,

the quantitative effects would be a smaller totality of dissipa-

tion of heat, and a more rapid transition from cold to hot, thus

the nucleus nearer the surface. The time required to

establish an increase of J-./ F per foot of descent would also

be increased, and probably in no small degree, depending of

course upon the amount of variation which the conduct ivity

undergoes with change of temperature. Such a modification

i given might still be used with a
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of Fourier's law would still further reduce the basis of the con-

tractional hypothesis by reducing the total dissipation, and the

amount of contraction which could be inferred from it.

Again, the value given to x by Sir W. Thomson has been

questioned, and it has been argued that rocks, porous and

saturated with water, are much worse conductors of heat tiiuii

those experimented upon by that philosopher, and there may

be good reason for placing this value considerably lower—say

at 250 instead of 400. The effect of this modification would

be to move surfaceward the positions of the isogeotherms as

determined by the value of the surface rate of increase, and to

extend the duration of the cooling.

Another serious quantitative modification will appear possible

when we inquire as to the value of -^ for places near the sur-

face, i. e , the rate of increase of temperature per foot of descent.

Tins h the vard-stick, by which everything else is measured

Its value is known to vary widely, being r\ in some place*, and

not more than T f„ in others. Is it safe, or even proper, to

take the average of all observed rates as the true and most

probable one? It is a most natural inference that the higher

ones are attributable to the proximity of exotic m

therefore accidental and should be excluded from

The extreme slowness with which heat is dissipated fi

masses ought to prepare us for the poss

to exotic igneous masses may vitiate any result. It would

seem most proper to select such values as may have been de-

termined in places which show the minimum disturbance

throughout their whole geological history. But there is a dim-

cultv even here. Th ">n below the surface

everywhere so abundant, must in some cases affect the normal

temperature produced by secular cooling. While a preference

is here expressed for the smaller rates, it is yet immatei-i d
,

so

far as the present argument is concerned, which of the extremes

betaken. „ , :e frMrt _

1. Given then this world of o

perature, 7,000
3
F, vi.

increase of

•

tion? The epoch would be about 625 millions of y

a depth of 300 miles the increase of temperature v.

about „>„ of a degree per foot of descent. Thence

the total amount of cooling since the beginning would be m-

rable: outward it would show an increasing

very gradual at first, but becomi raP1£i
>

tm

reaches the present mean temperature at the surtace.
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2. Or take the present surface rate at T|.¥ of a degree per

foot, the other conditions being unchanged. The epoch would
be about 160 millions of years, and below 140 miles the rate of

increase would be inconsiderable.

3. Taking Sir W. Thomson's valuation of u at 400, instead

of 250, and of the surface rate at jJ-t? the epoch becomes about
98 million years, and below 150 miles the rate of increase

would be less than rrW
4. Take h at 250, and — at v l v at the surface : the epoch

dx
would be 2,500 millions of years, and below 600 miles the cool-

ing may be disregarded.

That Fourier's theorem, under the general conditions given,

expresses the normal law of cooling, is admitted by all mathe-
maticians who have examined it. The only ground of contro-

versy must be upon the values to be assigned to the constants.

But there seem to be no values consistent with probability

which can be of help to the contractional hypothesis. The
of the theorem shows that below 200 or 300 miles

cooling has, up to. the present time, been extremely little :

were it otherwise, the present rate of increase of heat per foot

of descent would be lower than the lowest reasonable estimate,

unless indeed new evidence can be , brought up to show that

this ratio is much less than r^, and that the present accepted

mean of j9 to Jv is the result of unknown perturbations, tend-

ing to exaggerate its value many times! At present, however,
the unavoidable deduction from this theorem is that the great-

est possible contraction due to secular cooling is insufficient in

amount to account for the phenomena attributed to it by the

contractional hypothesis.
So far the discussion has taken no account of sttch

ities in the process of cooling as have occurred in the form of

Plutonic action. Our knowledge of this subject, especially of

its history, is so obscure that any treatment we might propose
to give it would be purely speculative, and none but the sim
plest and apparently most necessary inferences from it could be
justified. It is certain that such action would accelerate the

dissipation of heat, but at the expense of what regions can

be known only when we are able to locate the seat of its causa-

tion. But in any event it is not apparent that the conclusion

just drawn would be sensibly affected in this quarter.

There is, however, a possible source of diminution of vol-

ume, other than the contraction directly due to the fall of tem-
perature, which may be alluded to. A change of temperature
is, in most cases, followed by changes in chemical relative

potentials developing new affinities. In localities where molec-
ular mobility is possible, these changes may give rise to new
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compounds of higher average density. But it is not clear how
such changes could take place at depths greater than those

as the limits of sensible cooling, and such an assump-
tion must appear gratuitous until supported bj evidence. The
want of such evidence compels us to confine possible changes
of density (so far as strict reasoning is concerned) to horizons
not lower than two or three hundred miles. Although no esti-

mate can be made of the contraction of this portion, it is prob-
ably safe to say that its volume cannot have diminished so
much as one-tenth ; and if we were to assign thirty miles as the
diminution of the earth's mean radius since the first formation
ol a cooled exterior, we should probably reach the utmost limit

i

r with Fourier's theorem. By far the larger portion of
this contraction must have taken place before the commence-
ment of the Paleozoic age. By far the larger portion of the
residue must have occurred before the beginning of the Ter-
tiary

; and yet the whole of this contraction would not be suffi-

cient to account for the disturbances which have occurred since
the close of the Cretaceous. In all mountain regions the dis-

turbances of the strata, which are supposed to be due to tan-

gential compression, are so great, that, in order to account for

their plication !, v this hypothesis, we should be compelled to

assume a contraction of some circles of latitude, since the com-
mencement of the Permian epoch, amounting to many hun-
dreds of miles. But when we exai due the L i reutian rocks

wherever found, their < x. --.'. v\v <ii-:urbed condition must
utterly prohibit the belief that it is the result of secular con-

d the interior. Bearing in mind that a shrinkage of

one-fifth of linear dimensions implies an increase of 95 per cent
in mean denote, an 1 that ae • -r iiuu r<> this hypothesis such in-

crease is zero at fit- surface, it p izzlos t .
> imagination to con-

ceive what must have been the condition of the earth mass
while the Laurentian sediments were accumulating, if we are

to assume th sfcortion is due merely to secular

contraction.

The determination of plications to particular localities pre-

outer crust would take place at localit
' But this could be true only on the assumption that the crust

could have a horizontal movement in which the nucleus does
not necessarily share. A vertical
lachian region and westward to th

surface highly disturbed for about two hundred and fifty i

and comparatively undisturbed for more than a thousand. No
one would seriously argue that the contraction of the nucleus
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had been confined to portions underlying -the disturbed regions

:

yet if the contraction was general, there must have been a large

amount of slip of some portion of the undisturbed segment
over the nucleus. Such a proposition would be very difficult

to defend, even if the premises were granted. It seems as if

the friction and adhesion of the crust upon the nucleus had
been overlooked. Nor could this be small, even though the

crust rested upon liquid lava. The attempts which some emi-

nent geologists have recently made to explain surface corruga-

tion by this method clearly show a neglect on their part to

analyze carefully the system of forces which a contraction of

the nucleus would generate in the crust. Their discussions

have been argumentative and not analytical. The latter

method of examination would have shown them certain diffi-

culties irreconcilable with their knowledge of facts. Adopting
the argumentative mode, and in conformity with their view re-

rxtenor ;is a -hell <>t in-urh< i-'itt inherence to sus-

tain itself when its support is sensibly diminished, the tendency
of corrugation to occur mainly along certain belts, with series

of parallel folds, is not explained by assuming that these local-

ities are regions of weakness. For a shrinkage of the nucleus
would throw each elementary portion of the crust into a state

of strain by the action of forces in all directions within its own
tangent plane. A relief by a horizontal yielding in one direc-

tion would by no means be a general relief. We may conceive
these forces to be resolved into two sets of components respect-

ively parallel to the two coordinate axes. In the case under
consideration the diminution of the intensity of one set of com-
ponents by weakening the supports from which it thrusts

would have the effect of increasing the intensity of the other

set of components at right angles to the weakened set. No
relief could take place unless it be a relief in all directions.

The case in question is not that of the cylindric arch, but
nearly that of the dome ; and if a collapse is to occur, every

great circle must contract equally and simultane-

ously ; otherwise great deformations of the earth's normal fig-

ure would result. The plications of the Paleozoic rocks do
not conform, either in Europe or America, to the consequences
here affirmed. These disturbances are localized in long and

rrow belts, and if they truly represent contraction of

certain great circles, then such contraction must have been
enormous in arcs perpendicular to the axes of plication, and
very little in ares parallel t! eret< . Still more discordant is the

mil hvpothesis with the Tertiary plications. From
Cape Horn to the Behrings Sea is a continuous belt, very nar-

row for most of the distance, but extremely disturbed through-
out. If the parallels of latitude perpendicular to this mighty
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range have alone contracted so greatly at this axis, how can we
reconcile such an assumption with "the fact that the earth's
present figure is so nearly an ellipsoid of revolution with an

•ity due to its mean density and angular velocity. It

is here that the analogy of the withered apple fails. If it is

kftge, it fails to preserve its orig-

inal figure ; and conversely, if it preserves its original figure, it

must be corrugated uniformly.
A comparison of this hypothesis with details of surface

structure would involve an interminable discussion. The
diversity of details is so great that only the most prominent
and persistent ones could be properly selected ; and as it is in-

tended to bring these into relation with other propositions, their

discussion will be omitted here.

Akt. XIL—Descriptions of two new Specks of Fishet

Bermuda Islands; by Gr. Beown Goode.

Led as addi-

ct Indiea

1. Diapterus Lefroyi, sp. nov.

This species belongs to the genus Gerres as defined by Dr.

G-iinther. It is distinguished from all other members of the

genus and family by its relatively greatly elongated form.

The body is fusiform, compressed,' its greatest height, at the

thoracic region, being a little less than one-fourth (-23) of the

total length and a little more than one-fourth | 2, |
oi I

without caudal (-89) : in Diapterus aprion, the most i

of the species hitherto described, the greatest height is but one-

third of the length. The height of the body is uniform under
the spinous portion of the dorsal, sloping gently and at a nearly

uniform angle above and below to the middle of the eimdal

peduncle. The height of the bo I
'10) is less

than one-half, that of the least height of the tail (-06) is one-

fourth of the greatest height of the body.
The scales are large, measuring -03 and -04 in height and -02

and -03 in length :°they form about forty-five oblique trans-

verse rows between the head and the caudal, four and one-half

longitudinal rows between the back and the lateral line and ten

between the lateral line and the belly.



124 Q. B. Goode—New species of Fishes from the Bermudas.

i (11) : the

height at the pupil (-14) is double the width of the interorbital

space (-07). The length of the snout (-06) equals the length of

the operculum (-06) ; when the mouth is protruded the length

of the snout is doubled (-12) and when retracted the posterior

extremity of the intermaxillary process extends to the vertical

through the center of the pupil. The nasals are very promi-

nent and the nostrils are nearer to the orbit than to the extrem-

ity of the ja'

The orbit

of the head. The origin of the dorsal is slightly behind t

of the ventrals, its distance from the snout ('31) twice the length

of its base ('16). The dorsal spines are graduated nearly in

the proportion (I=-02; 11=12; 111=11; IV=10; V=09;
VI=-085; VII=-0725; VUI^-05; 1X= 04). The notch be-

tween the spinous and soft portions is very deep and the con-

necting membrane barely perceptible. In the soft dorsal the

fifth ray is the longest ('09) and equals the fifth spine, the suc-

ceeding rays diminishing regularly to the last, which equals the
• e h ngth (.if its b; se (-20) is greater than

that of the spinous dorsal. The anal begins behind the center

of the body ('56) ; the first spine is very short (-01), one-fifth the

length (1)5) ol the second, which is slender: tin first raj is

rays in length (-21) five times the inner ones ('04). The
extremity of the pectoral reaches the vertical from the last dor-

sal spine its distance from the snout at the axilla ('25) is

nearly equal to the height of the body. The ventral spine re-

sembles the fifth dorsal spine in shape and size ; the length of

the longest ray (11) slightly exceeds one-third of the distance

from the snout to the ventral axilla (-30) ; the axillary append-

age consists of four lanceolate scales, the first and longest as

long as the last ventral ray.

Color : silvery, with a bluish tint above ; axils of the pectorals

and extremitv of snout brownish.
Radial formula, D. IX, 10. A. II, 8. P. 12. V. I, 5.

C. 3, 9, 9, 3.

The unit of measurement used above is one-hundredth of

the total length, which in an average specimen is 7 '29 inches

(M. O. 185) The species is common in the protected inlets

about the islands in company with the " shad" (Diapterus gula)^

from which it is distinguished by the name " long-boned shad :"

they are in demand for bait and are easily seized in large quan-
tities. I take pleasure in dedicating the species to his Excel-

lency, Maj.-Gen. J. H. Lefroy, F.R.S., Governor of the Ber-
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mudas, who while doing so much for the social and political
welfare of the islands, is taking an active part in adding to
our knowledge of their natural history.

2. Engraulis chcerostornus, sp. nov.

This species closely resembles Engraulis surinamensis (Blkr.)

ring from it, however, in several respects.

The height of the body (16) is a little more than two-thirds
of the length of the head and is contained six times in the total
length and a little more than four times in the length to end of
middle caudal rays (-90) : the height at the ventrals is less (-13).

The scales are large, in thirty-eight oblique rows between the
head and the caudal.
The length of the head (-22) is less than one-fourth of the

total and is double its height at the pupil (11) : its greatest
width (-08) is about one-third of its length. The orbit is

nearly circular and its diameter (-05) equals the length of the
snout (06) and the width of the interorbital area (Do). The
snout projects far beyond the lower jaw, whose extremity just
passes the vertical from the anterior margin of the orbit. The
maxillary is dilated above the mandibular joint, rather tapering
behind, and extends to the gill opening. The gill-rakers are
fine, setiform, not longer than the eye (•05), about 25 on the
lower branch of the outer branchial arch.

The origin of the dorsal fin is in front of the middle of the
body (45 from snout), and directly above the extremities of the
ventrals: the length of the first rav ('06) is half that of the
second (12), which nearly equals the" length of the base (.11).

* ' in of the anal is at the middle of the body (-51 from

below the posterior dorsnl rays: its greatest height

V n; neai-i; lorsaL

The length of the middle caudal rays (-08) is two-fifths of
the outer rays ('20). The length of the pectorals (11) equals
the length of base of dorsal (11), the extremities reaching to

the origin of the ventrals. Length of ventrals (-09) : distance
from snout (-35).

Color: back and sides brownish, belly white; a broad, clearly

defined lateral band of silver as wide as the diameter of the
orbit (-05).

Radial formula D. 13-14. A. 23-24. Length 2-68 inches
(M. O -068).

Common in schools in Hamilton Harbor, where it is taken
for bait in cast nets. Its enormous mouth has given it the
name of "hog-mouth fry."
The types of these descriptions are preserved in the U. S.

National Museum in Washington and the University Museum
in Middletown, Conn.

it) and be
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JFL}}'7^°Vm °Ptical method
-
of studying the Vibrations ofbobd Bodies;-by Ogden N. Bood, Professor of Physics in

Columbia College.
J

In the year 1855 Lissajous described a beautiful mode of
bringing two tuning-forks into exact unison, which since that
time has been of great use for the production of exact copies

n I forks executing a known number of vibrations in
a second. This method is now so familiar that farther allusion
to it would be superfluous, and I pass on to the descri

i>'K. which if it iails a little short of that
i point of exactitude, is, on the other 1

e:iM <>t execution and more gei to the study
of the vibrations of solid bodies of very different forms. The
nature of the method referred to will'best be illustrated by a
tew examples. J

Tuning-forks.—Let us suppose that it is required to ascertain
whether two forks are in unison, or to determine the differencem the number of vibrations executed by them in a second.
*or this purpose a short piece of fine steel wire is atl
each of the forks and they are supported in positions so that
their vibrations shall be at right angles
to each other, as indicated in fig. 1. TJ

tenths of a millimeter,
are to be attached with the least possil
amount of soft wax c~
may be brought quite :

or may, if necessary, be several
apart. If the forks ar

brati.m and the intersection of the
viewed against a bright baekgnr
a small telescope, it will be seer.

optical figure is developed, which is partly due to the sam
well known conditions that give rise to the figures of Lissajoub,

« that the wires move with less
velocity when near their maximum deviation from the line of

F
est lit>! in phase

is 0, an appearance like fisr. 2 is pro- .
2 " 3>

~
duced, which changes into 'fig. 3 when M Wk
the difference in phase has increased to IV m

a complete vibration. Fainter ^ ^
mdi •• ns of the same figures are shown in all cases, except
when the difference in phase is one-fourth, three-fourths, &c„
of a vibration, or nearly so. This figure, then, is characteristic

1. The ' .
or two- 4mm

m

^^-^—
ess, and jji
possible I I

They I
h other, I I

intovi- II
ie wires W
nd with T
that an
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of forks in unison, and by proper arrangement of the light

and telescope can be made tolerably sharp and distinct. If the
forks are actually in unison, the above figure is pretty certain

to be produced after one or two trials, and the fact of its con-
stancy will then, on the other hand, be the evidence .of perfect
unison. If the forks are not exactly in unison, fig. 1 will, as

Bta1 .. alter some time change into fig. 2, and the number of
seconds necessary for this change will measure the interval re-

quired by one of the forks in gaining or losing half of a com-
plete vibration.

When the two wires are only a few millimeters apart, it is

evident that the telescope will furnish distinct images of them
both without any especial < ontrivance, but as a general thing
in the application o[ this method, the intervening distance be-

tween the vibrating bodies will be greater, giving rise to an
obstacle in making tl

r
. This is readily met

i'.v limiting the aperture <>( the ohjeet-ejass. The focal length
of the object-glass of the telescope used by me was 120 milli-

meters for parallel rays, and when the aperture was reduced to

two millimeters, sum< -n of both the wires
could be obtained, even when their distance apart was several

centimeters, and the telescope yet so near to them as to admit
of the performance of all the manipulations by the observer
without rising. With this limited aperture, the light from a

white cloud answered quite well.

If the forks differ by an interval of an octave, an almost
equally disl :ed figure will be produced, such
as is seen in figs. 4 and 5, which represent the characteristic

appearances in this case. This fig-
4 5

ure is quite as useful for purposes ' ^ j*
-ation as that of unison. ^ & M ^
r less distinct and more ^ «

complicated figures are given by J ^
the quint, the duodecime and the
double octave. It is a little more difficult to distinguish them
from each other by a glance, and they are less sharply defined

than those of unison or of the octave, which should always
have the precedence for experimental determinations ;

still the

other figures admit of being employed when necessary. The
relation of all these to the corresponding figures of Lissajous
is evident on inspection.

Tuning-forks and vibrating cords.—From the foregoing it evi-

dently is easy with this method to bring a vibrating string into

unison wit • k, or to adjust it so that the in-

terval shall be a quint, octave, twelfth or double octave, above
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or below. It is also easy to ascertain the number of vibrations
made by a string in a given case, by the aid of a bridge and a
properly selected fork making a known number of vibrations,
the stnng being shortened till it furnishes one of the above
mentioned figures, and executes hence a known number of
vibrations, after which the number of vibrations made by its
whole length can readily be calculated by a well known law.

Vibrating cords.—To bring two cords into unison, or to pro-
duce one of the above mentioned intervals, it is not at all nec-
essary that they should actually vibrate at right angles to each
other

:
in my experiments I simply placed between the strings

on the monochord a cork cut at an angle of 45°, and support-
ing at this angle * "

The reflected and
cope crossed by the horizontal imWof ___

same time light from the sky, alfthe conditions were fulfilled.
It is evident that this arrangement furnishes an excellent ex-
perimental mode of studying the laws of vibrating strings, of
comparing them with theory, and examining into the devia-
tions caused by stiffness and unequal caliber.

In all the experiments with strings I employed the differen-
tial sonometre of Marloye as constructed by Konig, so well
known for his excellent workmanship, merely adding a clamp
to one of the bridges for the purpose of holding down the cord.
But this instrument, although admirable when the ear is used •

as a test, was found not to. possess a delicacy sufficiently great
to enable the experimenter to take full advantage of the sensi-
tiveness of the method here described. The arrangement for
varying the tension was hardly sufficiently fine, and a screw
movement attached to the bridge would 'have been a great
advantage. It was also found difficult to maintain a given ten-
sion with perfect exactitude for any length of time. Probably
some modification of the older arrangements of Weber or
Fischer would be found to answer better.

Vibrations of rods, bars and plates.—It is evident that rods or
bars supported at one extremity or at two nodes, and provided
with fine terminal wires, can by this method be brought into
unison, or have one of the above mentioned inter

v

hshed between them. A preferable mode, however, is to
study them m connection with the monochord and a tuning-
fork. The entire string of the monochord is first brought into
unison with a tuning-fork, or some definite interval established

;

i»d rod or bar are then combined at right angles, and
the bridge moved till unison is again effected, when it is possi-
ble to calculate the number of vibrations actually executed by
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the bar or plate. As an example, I give the result of two
rough experiments, which would have been rendered more
accurate by the aid of an assistant.

The cord, one meter in length, was brought into unison with
an Ut , fork, and hence executed 64 double vibrations per sec-

ond. It was afterward combined with a plate of glass 380
millimeters long and supported at the two nodes. Five deter-

minations with the bridge were made, and after bringing the
cord a second time into unison with the fork, repeated.

847- 843-

847-7 843-

847-28 845-02

The result then in the first case was 75535, in the second
75*738 vibrations per second.
An experiment with another piece of glass cut from the

same plate and of nearly the same length gave, with two deter-

minations, 77-811 and 77-717 vibrations per second.

Vibrations of bells.—If the fine wire is attached to one side of

a bell, the number of vibrations executed by the bell can

readily be obtained with the monochord in the manner already

indicated. A bill glass was set in vibration by a bow, and
combined with a string one meter in length, which was an

octave lower than a Sol„ fork, and hence made 96 double vibra-

tions per second. Tin'" I -rid ire was adjusted till the string was
an octave lower than the bell-glass when sounding its funda-

mental note. The results are given below :

of vibrations obtained in first case then was
,

l
-j;;«.t u vith a Inference of 15 of a single

xpenments of this kind it

ble depends to n great oxtt

the vibration of the two bodies <

not admissible to maintain the cor
the bow, as the slightest variatioi
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figure at once to change. On the other hand, the bow is useful
m bringing a short string into unison with a fork, &c., merely
for the purpose of assuring -the experimenter that the figure
actually to 1><> used, and furnished by a greater length of the
string, is really that of the lower octave, twelfth or double
octave. In the experiments with the monochord the string was
simply drawn aside with the feather-end of a quill, and then
left to itself. If this and the vibration of the plate, &c, be

• the aid of an assistant, the time for observation at
the telescope is increased and more accurate results than those
above given can be obtained. The changes in the plane of
vibration of the string are hardly a source of embarrassment
when the unison or octave figures are employed, but become so
with the others which are more complicated, in the case where
it is desired to count the changes occurring in the figure during
a certain number of seconds.

Vibrating membranes I find can readily be studied in this
way by attaching to them a small piece of fine wire bent with
two right angles, and using them in connection with the mono-
chord or a tuning-fork.

Finally, I may add that the more important of these figures
may easily be rendered visible to a large audience. Wires
about a millimeter thick are attached to two tuning-forks
placed in front of a magic lantern ; an image is formed on the
screen with the aid of a lens of about eighty millimeters focal
length

;
the figures are then well shown, along with certain of

their details not particularly mentioned in this article.

New York, May 21st, 1874.

Art. XIV.—The Phonautograph; by Chas. A. Morey.

Almost every collection of acoustical apparatus includes
one of Leon Scott's phonautographs, but I think I am right in
saying that very little use is ever made of them, other than for
their explanation. The curves being drawn upon blackened
paper cannot be projected, and in most cases they are of so
small an amplitude that they require very close inspection for
their analysis. As was found at the time of its invention, the
great difficulty lies in the fact th: t th. prii .-ip i notion of the
style is a longitudinal one instead of a lateral one. All these
objections are obviated, and the instrument rendered extremely

the following simple device, which may 1

applied to any one of them. Instead of attaching the style di-
rectly to the membrane, it is attached to the end of the long
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lever. This n

twelve inches) a

or of a stiff straw. This is attached at the end to the brass ring

which holds the membrane by a simple hinge of goldbeaters

skin, and also to the membrane itself by a short, flexible

bristle, or piece of broom-corn. This is inserted into the lever,

and i- fixed with a drop of glne; the other end is fixed to the

membrane as the style usually is, either by a drop of glue, or

sealing wax, the former being preferable. Now it is evident

that the former longitudinal motion of the style will impart a

lateral motion to the lever, and thus to the style at the free end

of it: and also that this motion will be greatly magnified.

The curve can now be drawn upon a plate of smoked glass, as

in the well known experiments with tuning forks, the plate be-

ing drawn under the style in the direction of the length of the

lever. The whole attachment can readily be made so light as

to encumber the membrane but very little.

numerous uses to which the instrument can be put The first

one is the toungue trill, or the German r prolonged ;
the sec-

ond is the result of a note upon the trombone ;
and I

i* tli*> oo in mood. The fact that a difference in the intensity of

the sound shows itself so very pla

to suggest something in the way <

direction, but it is yet a question as

In 'each of the cases above, the sound was made in front of

the parabolic condenser, but at some little distance from it-

two or three feet.

Mass. Inst. Technology, Boston, May 24, 1874.
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SCIENTIFIC INTELLIGENCE.
I. Chemistey and Physics.

1. The so-called Antimony blue.—A year or more ago, a new
coloring matter was introduced into commerce under the above
name, prepared by precipitating a solution of antimony in aqua
regia by potassium ferrocyanide. Inasmuch as this re-agent is

commonly used by chemists to detect the presence of iron in anti-
mony, it is obvious that the blue compound is nut ordinarily
thrown down by it in solutions of this metal. Ku.vrss lias there-
fore investigated the conditions of it- production. He linds that
on boiling a solution of tartar-emetic in concentrated hydrochloric
acid, to which some ferrocyanide of potassium is added, the same
Mue substance is produced. On analysis no antimony could be
detected in it. Believing therefore, that the antimony was in no
wise essential, Krauss boiled the ferrocyanide in concentrated hy-
drochloric acid alone, and obtained the blue compound. In
further proof of this assumption, he found that the antimony could
he satisfactorily replaced by mercury. The use of antimony accel-
erates the formation of the precipitate. The blue substance is solu-
ble in hydrochloric acid and is decomposed by it on boiling, pro-
ducing fen-it -hloride. Water -i . hi , ,L restores the color. It is

not soluble in water, is at once decomposed by caustic alkalies, and
in powder has the coppery reflection of prussian blue. It is there-
fore only another of the blue compounds of iron and cyanogen, and
the name "antimony blue/' ..riven to it is a misnomer.—Moniteur
Scientifique, III, iii," 1095, Dec, 1873. g. f. b.

2. Onthe Alloys of Hydroyenium with Palladium, V„tiw»m
<i„d Sodium.— Troost and Hautefeiit.le have sought to deter-
mine whether [K-dladium-hydrogenium is a mechanical or a chemi-
eal combination, by studying the tension of the hydrogen evolved
from it at various temperatures. Chemical compounds having a
gaseous constituent, suffer, as is well known, a partial decomposi-
tion under the influence of heat, the tension of the gas evolved be-
ing invariable for each temperature, and having no relation to the
amount of the umlecomposed

|

;- • I u-r : u hile on the other hand,
solutions ,,f gases in solids, us hydrogen in platinum black, for ex-
ample, being mechanical mixtures, evolve, when heated, a gas
whose tension, at the same temperature, is variable, being depend-
ent on tin legrc f-aturatioi ft] ib>orbiu^ substance. Pal-
ladium, charged with hydrogen electrolvti al \

/ was placed in a
--. connected at one end with a manometer, and at the
' Spreiigel pump. Operating

; ,t the temperature of
100° C, with palladium char-ed in different decrees, the results
show: 1st, that when the volume of the absorbed hydrogen is

* Since palladium thus saturated loses hydrogen at the ordinary temperature,
and since on exposure to the air, it heats, from the oxidation of this gas, the
authors adopted the plan of placing it at once in water free from air, and heating
this to boding, the gas evolved being measured. It was then treated as above.
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) times that of the palladium, the tension decreases very
dth the decrease in the amount of' hydrogen, a fact ehar-

l»le solution, -id, that t lie tension becomes eon-

gen reaches Goo times that of the palladium: a volume which cor-
responds to one-half an atom of hydrogen to an atom of palladium.
From this limit, palladium-hydrogenium behaves like a definite
compound, capable of true dissociation, the gaseous tension hence-
forth depending alone on the temperature. The authors have
prepared a table of the tensions of dissociation at different

temperatures, from which it appears thai the compound I'd. II

pound cannot be formed at temperatures superior to this, except
under pressure. .Moreover, the authors have proved that I'd., II is

capable of dissolving hydrogen, the quantity depending on its

In a second paper, Troost and Hautefeuille give the results of
their investigations upon the definite compounds winch potassium
and sodium Sunn with hydrogen. The pota->ium was placed in

an iron boat, in a glass tube connecting bv a T piece with a mano-
meter on one side and a thive-wav eock'ou the ..t her, by means
of which the tube could be exhaust 1. .. ii... \\ itl, pure and dry
!'vd.-o_'en. This tube coiild be heated to any desired tempera-
ture and kept there for any length of time. The authors found
that no absorption took place when the potassium was melted, nor

piiivd*-J5o hours for saturation;
while at 350° to 400°, the"absorption goes on much more rapidly.

Potassium-hydrogenium thus prepared, is a brittle substance, hav-
ing the

: tgter of silver amalgam, and ap-

ike a true alloy. It may be fused in hydrogen or in a
1 " uum with, ut change.* I: the iir it iutlam s spontaneously. At
- ,;n ° in a vacuum it begins f.» dissociate, the tensions being nn-as

urable between 330° and 430°, and increasing very rapi

ratnre above 370°, becoming 760 mm. at 411°. Hence
>'

< '!- ot |„ fori m-.l .,1 this tempera! ure, except under pressure,

'he best temperature for its formation is 300°. It dissolves hy-

[uantitv varving with the temperature and pressure
;

at 300° and 760 mm. it dissolves 40 volumes of this gas. On ex-

pelling the excess of gas, a point determined by the agreement of

the tension of the hydrogen with its dissociation-tension for that

Temperature, tin compound ga< - of hydro-
gen to one of

} M »t assii - ,;
- Sodium

absorbs hydrogen actively between 3o0° and t -l 1°, the tension at

this latter point being Too nun. At ordiuarv temperatures so-

_::.;. ! -;,-...;.-o\ (
.. .... .. ... ,•

-.' ,.-••:.' -"

before fusion, so that it mav l>e pulverized. It has the luster of

^dver, i- a little more fusihh than - di mi, loses no hydrogen on

in the air. Its density taken in

naphtha is 0-959, that of sodium being 0-970. Its dis
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follows the same laws as the potassium compound, the tensions
being a little less for the same temperatures. It absorbs 3 or !

volumes of hydrogen at 400° and 760 mm. Analysis gave 237
volumes of hydrogen ; Na2H requires 238. Lithium, heated to
500° in hydrogen under 760 mm., absorbs 17 times its volume of
this gas. Thallium, under similar conditions, only three times.

In a third paper, Troost and Hautefeuille give the results of
their determination of the density of this solidified hydrogen. Re-
garding, with Graham, these compounds as alloys of metallic
hydrogen, and assuming that they, like the alloys examined by
Matthiessen, are formed without condensation, it "is easy to calcu-
late the density of the hydrogen as contained in them. "Graham's
number 0-733, for the density of hydrogenium, is too high, since,
as we have seen, he operated on a substance which disen-
gaged hydrogen at ordinary temperatures and was not a definite
compound. The authors/ taking their compounds Pd,!I and
Xa,II. determined accurately their densities. The density of the
former they found to be 11-06, that of the palladium being 12.
From these data, the density of hydrogenium, as calculated, is

0-62. The density of the Na2H is 0-959, that of the sodium be-
ing 0-970. This gives 0-630 as the density of hydrogenium. a

dose accordance. The mean is 0-625, a density but a
little superior to that of lithium. The atomic volume of 'hvdro-
genimn. :b d.-dueed from the ab.-vi- data, is the smallest known,
being VQ.— C. B., Ixxviii, 686, 807, 968, March, April, 1874.

^ -- Lactic add <>/ the . I Ibjl series.—In the hope of reducing
)tic acid—obtained by hearing ehloral-cyan-hydrate with

hydrochloric acid—to monochlor-lactic^ acid, and of effecting in

drochloric acid. But the difficulty, of separating the products
chloride formed, rendered this

then converted into its ethyl-

acid, acquired
peculiar odor and became converted into a volatile oil,

on fractioning, boiled constantly ,,t 145-1 !•'.=. Analysis
-bowed that it was not monochlor-lactic acid, but that it was ethyl
monochloracrylate

; not only the two chlorine atoms being re-

placed by hydrogen but a molecule of water abstracted in addi-

CH 2Cl.CHOH.COOC2H 6
-H 20=CHCh^CH-.-COOC 2

H 5 .

Ethyl monochloracrylate is a mobile colorless liquid, boiling
146°, havin"- tho. ^^ nf ^,. „iu,i „„„:...-, „„.i :._:....:_ Jj.i __.

changing i

sum salt of a new lactic acid which Pinner calls acrvl-
:

I. and which has the formula l\ 1 1 , < > , (or t

'

trichlor-lactic acid—obtained t
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not fully examined. Ethyl chloracrylate, treated with alcoholic
ammonia, gives ri>.

i Hue needles. It

has the formula CIh\!I
2 )

_: CII—(.'<)< HI, and differs from ordin-
ary alanin not only by having 1

1

2 less, hut also by being nearer
to ethylene-lactic acid in constitution than to ethvlidene-lactic
acid, from which alanin itself is derived.—Ber. Bed. Litem, (ies.,

vii, 250, March, 1874. q. f. b.

4. Occurrence of Zeucin in the fnsh juice of the Vetch.—Both

albuminates.

diseases, their rapid prodi

ng of the albuminates, all go to show the in

; relations. Now, since asparug

iminates. all go to show the important. of

nposition products of leucin. and since asparagiu appears
during the sprouting of the papiliona ea n,.| disappears later

while protein bodies are tunning, it occurred to Gokup Besanez
to examine, for leucin, the juice of the common vetch, grown in

rich earth and in th> I from albuminates by
boiling, was dialyzed, the diffusate being evaporated till the
asp iragin en stullized out. The mother liquor, on further concen-
tration, deposited a granular substance, which formed crusts on
the surface of the liquid, and which had all the appearance of
leucin. Repeated recrvstallization from boiling alcohol gave it

pure, in the form of small spheres of sharp ..mini- and r.-.di.-.

in structure. It reactions proved it to be leucin. The author
believe^ with 1 >i d .rtr', that r

- suhst nice obtained by Reinsch

album, and called i

"

In a second paper, Gorup Besauez shows that this

h-'uein in the juice of the vetch is constant. The shoots were

grown in wet.'sand and in a dim light, and were examined after

two weeks growth, when they were 12-15 cm. long—after three

^"eeks growth, length i'ti-25 cm.—and alter four weeks growth.,

length about 25 cm. The leucin appeared to exist in inverse ratio

to the asparagiu In tin s ( e\p< Hue nts the juice, after st paratioti

of the protein bodies bv coagulation, was mixed with no per cent

alcohe _ ,

all the asparagi . The riitrati • : cone ntratiou depoi

asparagiu, then" the leucin; a sugar-tike substance, r

('"ppcr test, remaining in the mother liquor. Since leucin cannot
h< rl. tei-t. 1 n rh< np< seeds of tin t 1

ud leg

tin st contain, does not exist in tSie etiolated sprouts, the author

-
;

'

of the albuminate. Alth- a ro, ;s and Hie roots ,.f v /•="< f ' }..<-

/>"'(.. were examined for leucin. but without result.

—

Ber. Berl.

Ghem. Ges., vii, 146, 569, Feb., April, 1874. g. f. b.

5. On Pn>Vuiiine. <i »> "• B"*< fr-<" the S^rn^it,-:

Hhi„* •<„ „ ,,, ._Mm scmf.i: 1 :c < x: nined '

of the spermatozoias of the Rhine salmon, which a*
-

I pure in considerable
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5 secreting it.

aliar, is quan-
titatively quite constant, containing of lecithin 7

-5 per cent, choirs-

phosphorus—48-7 per cent. This latter substance, now for the
first time obtained pure, is not free in the sperm ; it exists there as

an insoluble compound of an organic base, protamine. To prepare
this, the spermatozoids are extracted with hot alcohol to remove
fat. leeithin, etc. The residue may then be treated with hydro-
chloric acid and precipitated with platinic chloride; or with nitric

acid and thrown down by mercuric nitrate. On decomposing the
precipitate with hydrogen sulphide, the hydrochlorate or nitrate

of the base is obtained. Both these salts crystallize with difficult y
on slow evaporation in prisms probably" rhombic. They are
easily soluble in water, difficulty so in alcohol, insoluble in ether.

They have a peculiar taste, which 1- astringent, faintly sweet and
at the same time bitter. Evaporated with nitric acid a yellow
spot is left, which on adding sodium hydrate, becomes i

red, parsing into violet on wanning The tree base rereacts alka-

). It eonsti-

i 26*8 per cent of the dry spermatozoids. From the testicles

ot a single large salmon in October, 20-30 grams of protamine
may be obtained.— Ber. Berl. Chem. Ges., vii, 376, April, 1874.

6. On the Aqueous lines in the Solar Sj/ertno,/ </' ///;//< alti-

tudes

.

—Ceock.-Spinelli and Sivel, during their balloon-ascent of
AF —ch 22d, were furnished by Janssen with a small spectroscope

' gh alti'
n

cubic meters
the forenoon, and reached their highest

2 spectroscopic observations were to be directed specially to the
) dark bands on either side of the D lines, produced, as is well

known, by the vapor of water. Janssen attributed them to ter-

restrial absorption, and hence maintained that they ought to dis-

appear at a high elevation. Secchi, on the contrary, believing
that the aqueous vapor producing the absorption existed on the
sun, argued that they must persist at any altitude. The balloon
observations fully confirmed Janssen's view. At 5500 meters, the
band on the right of the D line disappeared, and at 7000 meters,
that on the left become invisible. The lines E and F were more
decided than at the sea level. The red of the spectrum became
darker, so that B and C were perceived with difficulty. Atmos-
pheric glare was so much reduced that at 6000 meters, at 180°

from the sun, only the yellow of the spectrum could be seen and
that without lines. The observations given were made at an
angle 5° to 7° from the sun.— C. i2., lxxviii, 946, April, 1874.
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1. Apparent Adhesion.—M. Stefan designates l.y this name

the phenomenon that when two plates are laid one upon the other

adhesion—that is, l.y the molecular ton*'- between the particles of

foreeisthegrr.u i
t , - ili.-i t . tbm

'

ing force tl <- eonmiences also to.increase; yet

dipped uhil. a _i . ,1 until! .1 -t nm i u i-" 1

*
I ''}

the experi-

ments, the following relations were found. I he ni.

•'

the fourth power-, ,,f the radii of the phite>: for .litteivnt liquids,

as t!ie times i„ which, under e.pnil pressure. eM ual
volumes ot trie

l'l'l'i'".! tlow thruiiirii a e.-.pilh.rv tube.
, +,

From
; ^.^ *«

;
. „ .-,.

• •

• - -

r :

'

and the fluid ru d« rgoea i
dd I

-

drti iv, ,, ,,f r h, , ressures. Tlie dist:

peats itself in a continuous manner. ,

problem, starting from the following consideration. Itie ws t^«
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acquired by the plates through the separating force is, on account
of the great slowness of the"motion, vanishingly small in compar-
ison with the work of that force. This work must consequently
have its equivalent in another work ; it has it in that which is nec-
essary for maintaining the flow of the liquid from the outside into
t\\c space included hetweeu the plates.

The equation deduced from this assumption gives again all the
different laws to which the experiments have conducted. It per-
mits us to derive from the experiments the coefficients of internal
ire tion for the experimental fluids. If the centimeter be chosen
for the unit of length, the mass of one gram as the unit of mass,
and the second as lime-unit, it follows that for water of the tem-
perature of i!i° C. this coefficient = '0108, for air = -00183. which

n<nn<t, April, 1874 ; Phil. Mar,., xlvii, 465. k. c. p.

8. Effect of M«u ,, etism <m >,, Ekotrir Jixrhurae in mrefr'-l
F««».-lIiI. De La Rive and Sarasin have in a former memoir
(Archiv. des Sci., xli, 5) studied the action of a magnet on a dis-
charge perpendicular to its avis. Since then, thev have modified
the oxp, riment as follows. The two bobbins of an* electro-magnet
were placed end to end, and the Geissler tube inserted so as to be
acted on by only one of the magnetic poles. Two cylindrical
tubes were used, one containing hydrogen, the other nitrogen, at
a pressure of 1 mm. or less. The induced current was produced
I'.v a large i luhmkortf coil and a very small portion of the current

p exhibits around the
negative electrode a h, autiful blue aureola extending to the side>
, ' 1' tm ' tube, beyond a long dark interval, and thence to the posi-
tive electrode streaks wi<le apart. This appearance is completcly
changed as soon as the magnet is excited. When the negative
' l

'" "'.'' " i( ' ;< acted on by the magnet, the negative aureola, which
.1 a diameter equal to that of the tube, or 32 mm.,

and length 35 mm., is transformed into a cylinder of only 8 or 9
mm. in diameter, very luminous, extending to the positive elec-
trode, presenting an appearance similar to the narrow positive jet

The same effect was obtained with a large bell, in which a cen-
tra

1 negative electrode was encircled by a positive ring. The
large spherical aureola developed at low pressures, being re-

placed by a narrow blue jet of vivid splendor, having sometimes
e of a brilliant blue flame escaping from the positive

The effect of the magnet on the resistance of the gas was also very
In the case of hydrogen the derived current through the

'eased from 20° to 40°, when the electro-mag-
Bunsen cells. The corrop.mding change in

is from 20° to 30°. In another case, with 40
cells, the change was from 12° to 55° for hydrogen, and 10° to 35°
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for nitrogen. When it is the positive electrode that is acted on
there is scarcely any appreciable effect. But the kind of magne-
tism makes no difference.

When the circuit contains several consecutive Geissler tubes,
all placed in the same way, each having its negative electro. It-

next the magnet, the effect upon the strength of the current is still

greater. Hut it', in addition to the tube or hd.es placed under
the act ion ,,f the magnet, there is one in the circuit out of
this action, no effect upon the intensitv of its current is pro-
duced by the magnet, although the modification which the appear-
ance of the discharge undergoes in the other tubes placed over
the magnetic ml.,, remain- the sum-. It seem-, then, that it is a
special and peculiarly intense resistance, having its seat at the

!

ss »' ! "i t ih< negative electrode, which is thus overcome by the
Hit rveution of the magnet.
A final series fYx; ii nfs support this view, and show that the

dimensions of the negative electrode, which notably influence the
- or' the aureola and the resistance to the passage of the

, influence also the augmentation o( intensitv produced
by the magnet in the case of an axial discharge. VVoYkmg with
the large bell, a very great loss or almost no augmentation of in-

tensity was obtained' accord in k- as a platinum point of wire, a

ter was employed •:- a negative
electrode.—Bio. n,ir., 1. 41 ; PAH. 3I„q.. xlvii.*4.:-J. k. c p.

h. Frirtioua! I-y.ctnrity.—U. L. Joruis has investigated the

i mal electricity with a machine suggested by the elec-

trical phenomena often observed in belts used for tr nsmitting
power. A very great quantity of electricity is thus produced, ca-

pable of giving long brushes and sparks, of deviating a galvanom-
•. of decomposing water, and in Geissler tid.es of showing

the stratification of the light. A new method of measuring elec-

tric tension has been em ployed, dependent on the greatest dis

tance at which a brush is perceptible on a given sphere when
brought near the electrified body. The experiment was varied
by using pulleys of various metals or non-conductors and by
changing the velocity tension and temperature. In arranging
tn

' results there seem to be three causes influencing the produc-
tion of electricity. The velocity of separation of the part- of the
belt and pulley, the complex mechanical a, "ion of bending the

-

* i%*., ii, p. 5 K- c. e.

10. Note to Prof. Cooke* uio,«;[rarh on the Yermiculitt* : by
the Author.—In a note to mv monograph on the Venn alites

]

'

!
'"

{
' dings of the American Academy, vol. ix. and tins Journal,

l 427.) 1 described ; enomena of

g plates of muscovite

|
Lte recently my atten-

tion has forth- fir-t time been alb d to tie fact that these phe-

nomena had served bv E. lb-iseh (Monats-
'"''

1 ! .1 \k el I J. rlin. .lulv, 1-69), and T take this early oppor-

tunity to acknowledge his priority.
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The observations of Reusch do not appear to have received that
notice which their importance Served; and, by cxhi
same results from a different point of view, I hope I have been
able to bring them into greater prominence, and to show their
important mineralogical bearing.

Cambridge, July 1, 1874.

11. Will's Tables for Qualitative Chemical Analysis. (2d
American.

:

iSm,: l-Mit.-.l by Professor C.
F. Him ks, Ph.D. 8vo. Philadelphia, is 74. (II. Carey Baird.)—

- .re familiar with Will's Sables, which have introduced
- into the mysteries of chemical analysis. Professor

Himes has added to this edition two new tables of his own, embody-
ing Jbmst ti's valuable Hame reactions. He has also made valuable
additions to the opening chapter on the - Course of Qualitative
Analysis," and inserted a new chapter (the last) on the "Detection
of M. tailic Oxides."

1J. Milk Anodynes; by J. Alfred Wanklyn, M.R.C.S., &c.
New York (Van Nostrand), 1874. 12mo, pp. 73.—This is a
practical treatise on the examination of milk and its derivatives,
cream, butter and cheese. divine- simple and exact methods of anal-
ysis, •-, t h, r w it h the results of the author's own researches in

1871, especially into the milk and butter supplied to the London
letropolitan work-houses and hospitals. It is a valuable and

contribution to an important department of sanitary science,
thor has greatly simplified and improved the methods of

-• Flame Reactions, pp. 30, 8vo. Also translated by
lessor mimes, and published by Mr. Baird, form a proper sup-
nent to Will's Tables.—This translation of BunsenV Memoir
originally published in the Journal of the Franklin Institute

II. G-EOLOGY AND NATURAL HlSTORY.

1. Addition to the Paper. " Volcanic E,,er<iy : an attempt to
• ] ' ' r ;r - f "• Origin a,id Co ;, ,,/ /.', 1 if,.,,,* :

" b 1;.mm
Mvm.lt. (Abstract.)— Inferring to his original paper (PhiL
Trans.. In, 3). the author remarks here that, upon the basis of the
ho.-it :u.imi:i11\- dissipated from our globe being equal to that
evolved by tin- melting of 777 cubic miles of ice at zero to water
at the same temperature, and of the experimental data contained
in his paper, he had demonstrated, in terms of mean crushed rock.
the annual supply of heat derivable from the transformation of the

rk of contraction available for volcanic energy, and
had also estimated the proportion of that amount of heat necessary

from the wa- -"
niU

any calculate

our earth must be crushed annually,

* Read June 20, 1872 ; Phil. Ti
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following down after the more rapidly contracting nucleus. This
• .1! -illation he now makes upon the basis of certain allowable sup-
positions, where the want of .lata nijnii is such to be made, and
tor assumed thicknesses of solid shell of 100, 200, 400, and 800
miles respectively.

From the curve of total contraction (plate \. Phil. Trans., part

i, 1873) obtained by his experiments on the contraction of slags,

he has now deduced partial mean-coefficients of contraction for a
reduction in temperature of 1° Falir.. for intervals gem-rally of
about 500° for the entire scale, between a temperature somewhat
exceeding that of the blast-furnace ami that ofVhe atmosphere, or^ Fabr. And applying the higher of tin se coefficients to the
data oi his former paper, and to the suppositions of the present,
1^' has obtained the a I -solute c

n_r to the respective thicknesses of solid shell above
stated. In order that the shell may follow do 1

contact with the contracted nuclei
increased, its volume remaining coi

constant, a portion of the volume must be extruded. The
n is not admissible, as the ep<>ch of mount; -

has apparently ceased; adopting the second, the author calculates

the volume of matter that must he crushed and extruded from the
shell in order that it may remain in contact with the nucleus, lie

1 hese results for the four assumed thicknesses of shell,

and shows that the amount of crushed and extruded rock necessary
f 'I' the h at t'oi the Mtpp >;i ol xi-tiiu ' '• '

1 h ael io i- -H| p i d
by that extrude,! fr,„u the shell of "between 600 and 800 miles

. :iinl that the volume of material, heated or molten,

blown out from all existing volcanic cones, as -

• his former paper, could be supplied by the extruded matter
from a shell of between 20') nnl v.n> mi s in thickness.

On data which seem tolerable reliable the author has further

been enabled to calculate, as he believes for the first time, the

actual amount of annual contraction of our globe, and to show
be assumed constant for the last :>0(Ki years it would

amount to a little more than a reduction of about -""< inches on

1 radius. This quantity, mi-lit v as are the effects

it produces as the , ffi i. ,t :m>t ot ><-\ -anic 1 tion, is thus shown
to be so small as to elude all direct astronomical observation, and,

when viewed in reference to the increase of density due to

refrigeration of the material of the shell, to be incapable of pro-

ving, during the last 2000 years, any sensible effect upon the

'ngth of the dav. The *

- r conclusions,ngth of the day. The author drawa vi .

showing the support gii " * ntirely

Itttde Of the views con-

biine.l i„ hi,, [irev i, lS memoir.— Pr». R„>j. Soc, No. 152, 1874.

- 3/t:t .,:,

1<> »it; T.rt >>r,j ;„ Jh,L;,t.t <n, 1 3I>., <<> '.—In thi-
J

; • .
pub-

Jan., 1874 (vol. xvi), Mr. J. A. Allen describes metamorphosed
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beds of clays and sands, accompanied by pumiceous and lava-like
materials, looking like true volcanic products, occurring far from
any volcanic region and due r.olely to the burning out of beds of
brown coal. The thickness of the altered beds amounts in places
to thirty or even fifty feet, but seldom exceeds eight to twelve
feet. (Generally the overlying clays and sands have been merely
hardened and changed in color; but in some places, where the
coal bed was thick, the deposit in immediate contact has been
more or less fused, and has received occasionally a vitreous por-
cellanic or vesicular structure, and even the scoriaceous and
pmnicedike aspect of volcanic products. The lowermost of the
burni s, rit". consists of cinders and clinkers much like the residu-
um left in coal grates from the combustion of ordinary mineral

The region of the Bad Lands, on the Little Missouri, is one of the
largest areas of this Lie . ii covering a breadth
of twenty to thirty miles for 200 miles in length; all the ridges
and buttes are capped or bounded with the reddened and indu-
rated shales. Other such areas oeeiir along the Yellowstone near
the mouth of i'ou 1 t River, and ah n- IWder River, and also on
the Rosebud and Tongue Rivers. They were found by Dr. Hay-
den on the sources of Tongue River, within a few miles of the Big
Horn Moantains and on those of North Fork of the Shyenne
River and ; Isewhere ; and by Dr. Hines as far south as the "foot
dopes" of the same range on the Crazy Woman's Fork of Powder
Ri\er. Xieollet Ion- -ince de^-rib, .1, bur from report, the pseudo-
volc'iHoes, or smoking hills of the west, which were made, evidently,
from the burniim of th. subjacent coal Leds. and he attributes th<

fire to the action of decomposing pyrites on lignites and other
material of a combustible nature.

Mr. Allen states that the landscape is variouslv affected by the
metamorphisrn The baked rocks, besides giving their red tints
to the country, arrest or greatly retard the er -ion of the buttes
and ridges consisting of them. Over areas of thousands of square
mibs they thus in -rear measure determine the surface contours
:tnl

i

l! '«' "

-nidation. Fragments of pum-
ice have been found on the .Missouri as fur south as Port Pierre,
1U1, 1 the ear!; <q>!< rers supposed them to be the products of un-

, high up in the v.

> rjfjnitic formations north of the parallel of 49°.—Mr. G. M.
Dawson, in the last nui dist, and also

• to the British North American Houadarv Commission
(Montreal. l-,4), -Ives an account of his own and others observa-

nth of the parallel of 49° and west of the Red
Piver. Tl bou darv line strikes the Lignitic Tertiary about
•j.-.o milt- vw-i of Red Riv.-r. in the valley of the Souris River.

met plants were found in this region, but there were
esenting two species of Bihnf; ,, : ,.,. ;'.•,•,>/>•*/., at hast

tlMta those described
by Meek from the Lignitic beds farther south. The coal is stated
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excellent quality. Scoria and clinkers from I

eels in place are stated to be abundant; but .'

t pyrites cannot have been the source of the <

is of rare occurrence in the coal. To thy we

1 the upper parts of the northwestern tribut:

,
::4') miles west of Red Kiver and beyond; a

d River, near Porcupine Creek, then

I of the brown co

to 47£ per cent of fixed carbon, 12 to ]

40 per cent of volatile matter, and 2\

-Mali: ,b:i a ntains numerous f. rflininif.-rs, and the species ivsem-

bl, much tin s< o tin Kmrlish < 1 alk Ko h d u I in forms allied

toTextularia and Rotalia. Various forms of coccohths were iound

in the same rocks. _ _ _ .

4. M,,n,„- Ch«mplain deposits on haul* „<>rth <>J
h'k*

S-.-j, r ;„r -Dr Dawson, in his annual addre-

History Sod 8th, says that Pro£

Report of th I Survey tor 1S70-71 ,
states the

occurrence of marine shells, similar to those of the Champlain

d r -its in tin muv; ..i M..ntr« il. ^ a hei_d t t U 7 feet above

the sea. Dr. Dawson also remarks that in the hills be!

baa observed these shells at a

heiu-ht'of at least 600 feet; and also that Mr. Kennedy h.^ re-

cently found marine shell deposits of the same era on Montreal

t above the sea.

5. <;n„,„t, ofth Champlain Period.-ln the address referred

to in the pr. .'din. li.V. Dr Dwnm.n n-p.-aN
' ?

that the climate of the period

present level—"tha
age"-was cold. The
existence of a (•<' - n " waters mui >=, ^

facts are mentioned which tell any-

stood below the

currents on the coast, ba-
thing with regard to the climate over the land.

!•>/ /:,«„;/ r,„. '.-,„. „!,., fr .,„ • rtJJreto»

-
. fol vii. No. .--.)-Mr. & *dder here de-

r species fr in t u. « n- di- i,"^PT'
Esq. He names them Blattina Bretonens

specimens arc on .lark shale, and are asw^- ---

ophenophyllum and ferns.
, ,., . a _„/!;„„

:. /•',,,;/ /-//„,/„„„< ,,„,i iT«*u*h» ;„ •

California, read bv Dr. Leidy before the Academy erf

Sciences of :

;i th* ^^meda
and Solano Counties; ana tne

Mastodon i
lor, Calaveras, Contra Costa, JU
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Dorado, Mendocino, Placer, Santa Barbara, Stanislaus, Solano,
Sonoma and Tuolumne Counties. The special localities in each
county are mentioned in the letter ; and Dr. Yates adds that the

' sited. He observes, that although
or relics in the same beds, he has

failed to discover any. He once found a human skull apparently
in the same formation which had afforded elephant and mastodon
remains ; but he afterward discovered the body to which the head
belonged, about eighteen inches below the surface, in the bank
above where there had been an old Indian burial ground.

8. Bulletin of the Cornell University. { S /,!,, v.) Volume i,

niuniHT 1 and 2. 04 pp. 8vo, with !> plates. Ithaca, 1874.—
This first scientific P-nlb-tni, from the Cornell University, contains
two valuable papers : one, a reconnoissance of the Lower Tapajos,
being a preliminary report of the Morgan Kxpedition to 'the

Amazon in 1870, 1871 ; by Ch. Fred. Haiitt ; the other, descrip-
tions and figures of the Carboniferous Brachiopoda of Itaituba,
on the Rio Tapajos, Province of Para, by O. A. Derby. The
latter paper sh<<ws, as - ns, that the Carbonifer-
ous rocks of South America thus far made knows by their fossils,

are true Carboniferous, and not Subearboniferous ; that of the 27
species described, 12 are also North American (these including
tii' <>• i'i "U kin 1- A*i<_ / <".< .v it.tU'j /. s

y
,/, vy;,. cameratus, Chonetes

ductus cora and others) ; that several Brazilian and
North American species are included among those described by
D'Orhigny from Lake Titicaca and Yarbichambi, Bolivia; and
among those from the province of Arque, a degree or more south-
east of Lake Titicaca, by Col. Lloyd ; and others from Cocha-
hamha an.l Santa Cruz. Mr. Derby's paper appears to be worked
up with ";reat care. It is illustrated by nine photographic plates.

9. M>-i,/otr< /» r s, rr/j-r alia Ikx,;-izi<>n<: </dl« Carta (rtaUxjica
,r/talt<i.—The first volume of the series, in illustration of the ge-
ology and geological map of Italy, was published, at Florence, in

"J
1 first part of the second in 1873. They are quarto

volumes, beautiful in style of execution, and admirable
maps and engravings. The first has already been briefly noticed
in this Journal. The second contains papers : on the Physical
—ography of the island of Ischia, by Dr. C. \V. C. Fuchs

;

Alpin •
••! be tunneled i't the Italic. II. 1-

veth- railway, by F. Giordano; on the Tertiary formations of the
ing zniii of Sieilv. b\ S. Mottura": Malaeologia I'lio-

iana," bv Dr. ('. d'Ancona. Fasc. II, uenera Pisania,
Randier, //../,, /V-,,,/,,,-,,/, '/'/<> /w„ > //a. I '„ ,,. dl , /7Vf, /')(,>,.<.

10. JSTote on Prof. J. Lairr* ,,<-> >/„///, ',>• colledion of his
M>,„. .-,*<: by < ;•:,,,:., i: . I. FJim-sii : addressed to the Editors!—My
attention has been called to a volume entitled " Mineralogy and
Chemistry, Original Researches by Professor J. Lawrence Smith,"
in which there appears, on page 10 th an article

on the "lb,
, \\\ u , 1 t

].;- t h, following foot-

note : "In the first halt I wot assisted by my
friend, George J. Brush." As this statement may lead to misap-
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prehension in regard to the relations of Professor Smith aud myself
on the part of some readers, I desire in this place to give the facts.

The first three papers on the "Reexamination of American .Min-

erals" were published as a joint work by Professor Smith ami
myself, in volumes xv and xvi in the second series of this Journal.

In the volume of researches above alluded to, these cover pages
109 to 141, to the end of the section on petalite; and for the
in itti r tin i in ,• dit lined I simply claim to be responsible equally

with Professor Smith. This claim can be easily substantiated by
reference to the original papers in this Journal, and by other
evidence if necessary.

I have no doubt Professor Smith will be glad to have this cor-

rection made, and presume it was only an accidental inadvertence
which led him to publish the foot-note without further e

'

I should not offer this corrects
'

Smith's volume has had a wid
and in Europe.
New Haven, July 8th, 1874.

11. Cuarto Appendice al Reino Mineral de Chile i de las Repub-

"•>•, publicado en la si g>m<l<i !:.;.„ ,i, /< Mi,,*-,--"' ',•<>.

de DonIgnaoo Dihievko, Rector de la 1 "niversidad. 58pp. 8vo.

Santiago, Chile. 1874.—This fourth appendix to the second edi-

tion of Domeyko's Chilian Mineralogy contains notes on new local-

ities, with descriptions of various minerals, the most of them me-
tallic species. For ad all er and mercury at Los
Bordos, in the departm name Bordosite is given
by Senor Bertrand. Ulexite and Ilayesite are stated to have been

found at a localitv on the river Loa in littoral Bolivia, and in Car-

men Alto, fourteen lea

being in the desert of Atacama in Peru, and at Ascotan in Bolivia.

In addition, Domeyko now adds another locality at Ola, about

guea to the east of the mines of copper of Chanaral de

las Animas, northeast of the range of Dona Ines ; the place ap-

pears like a dried lake. The locality of borocalcite (Hayesite),pears like a dried lake. The locality of borocalcite

in the dry lake of Maricunga, f * '

quios, is, according to Fonseca,

the dry lake of Maricunga, fifty-nine miles to the north of Pu-

of great extent, he estimating the

14,000,000 tons. A memoir on the subject has been

published by Fonseca in the Anales de la Universidad.

mainly a hydrated borate of lime,—borocalcite, mixed witu =umC
common salt, but without any ulexite (boronatrocalcite).

12. Vetaely ::tly been described by
Prof. A. Schrauf, the eminent crystallographer of Vienna, under the

name of V- tog distorted liroconite,

the crystals being bounded by the prism and dome (100 : 001=
101° 3'). It has a bluish-green color, and the composition is ex-

pressed by the formula 4CuO P 8 5
5H

2
0. It occurs on garnet at

Morawitza in Banat, It is named from the discoverer.

Livingstoiiite, a new mhtmd; by Mam.
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prisms, apparently isomorphous with stibnite, and like it in thin

-roups. Color, bright lead-gray ; of powder red, instead

ofl.lack fike stibnite. Hardness, 2 on Breithaupt's scale. Den-
sity, at 16° C, 4-81. Fuses at the first touch of the blowpipe

flame, and gives out abundant white fumes. Cold nitric acid

does not sensibly attack it ; but warm dissolves it and a white

r si.luiim falls. Sulphydric acid precipitates it, forming a yellow

sulphid and another of a black color. Reactions show that it

contains mercury as well as antimony. An analysis has not yet

been completed, but an assay proved the presence of 10 per cent

of mercury, showing that it is in all probability a sulphid of mer-

it is from Huitzuco, in the State of Guerrero, Mexico. Mr.

Barcena has named it in honor of the distinguished African tra-

veler, Mr. Livingstone; with reference to which, he well says,

" Al hacer esta dedicatoria he tenido presente que los bienhechores

de la humanidad pertenecen a todas las naciones, y que la humani-

dad entera debe honrar su memoria."
14. On the Plagopteri,u< ami the frhthyoloyy of Utah; by

E. D. Cope. 14 pp. 8vo. 1874.—A part of the Keport of the

<";.'u UTaphi >1 > ' <r ,] h (1 i xplomti u- ai 1 ^ n \ eys west of

the 1 00th meridian ; First Lieut. G. M. Wheeler, Corps of

Engineers, U. S. A., in charge. From the Proceedings of the

Amer. Phil Soc. of Philadelphia.

15. Annotate! L:,t ,,
;•/ /,, /;;.•,/„ .,/ J r.,j, by H. W. Henshaw.

16 pp. 8vo. (Reprinted from the Ann. N. York Lye. Nat. Hist,,

vol. xi, 1874, at Salem, Mass.)—Mr. Henshaw's personal observa-

tions were made in connection with the survey under Lieut.

Wheeler, of which he is ornithologist.

16. Bulletin of the Buffalo Society of Natural Sciences—-Vol.

ii, No. 1 (104 pp. 8vo), contains a list of the Noctuidse of North
America, by A. R. Grote ; a catalogue of the Coleoptera from the

region of Lake Pontchartrain, Louisiana, by S. V. Summers ; and

pie of Boleti of New England, with descriptions of new
species, by C. C, Frost.

17. Anatomy of the Invertebrata ; by C. W. von Siebold.

Tran> • ted from the German, with additions and notes, by Waldo
I. Burnett, M.D. 470 pp. Svo. Boston, 1874. (James Camp-
5.1!.!—This is a reprint of Dr. Burnett's excellent translation

of Von Siebold's well known text-book on the Anatomy of the

Invertebrata. It is a standard work, and, although not present-

ing the latest results of researches, should be in the hands of all

zoological students. The notes of Dr. Burnett are an important

ndditi.-n ti. The or'nrinal work.

?, on Madison River, after a re-

ay G. K. JiELCHEE, U. S. Geological Survey of the

. V. Hayden in charge.—These two large maps give

the exact positions and areas of the many hot springs, or lakes

and geysers, of the Upper Madison. They are a most i

study for the geologist. Dr. Hay : tion of seeing

great and valuable results flowing from the explorations under his
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19. Three Essays relating to Vegetable Paleontology are before

. DeCandolle, on Physiol >gic ' Gr u
t

- in the Vegeta

n :
(
Constistution dans le Begne Vegetal de Groupet

>/i>g>'<ju-tt ijiplicables a la Geographic Botanique Anrbuur
./ : {Constistution dans le Begne I'iyihi/ <h Cmtip,*

Physiologiques applicables a la Geographic Botanique An^bxm
; DeCandolle.—An article of 38

enees de la I >il >1 i< >r I iC-< pie Universelle,

ued separately. M. DeCandolle here

at groups of plants according to the

climates which they affect.

From the grouping of plants according to their botanical char-

Bpecies, &c.

From geogrj as come floras. For the study of

ileal botany and of the vegetation of former periods, some
kind of physiological arrangement, which may comport with con-

this want M. DeCandolle here undertakes to supply.

He sketches five groups. First, plants requiring a great amount
of heat and moisture. A name expressive of both these require-

ments would be cumbrous; so he chooses for this group a name
i'i't'errin<j to the temperature only, and calls them Megathernial
plants, or in short Megatherms, i. e., plants to which much heat is

essential. These inhabit the rai ?ions in the

plains, and sultry valleys up to the 30th parallel.

Second, plants requiring about as much heat hut far less mois-

ture. These, taking the name from, the latter characteristic, le

the tropics and extending, say t

The third group, Mesothermal plants, require, I

notes, moderate heat, also a fair supply of moist

a mean annual temperat

r., that of ._.
The fourth group, JIi<rothennal plants, l.

tie heat, say a meai
that of 32°, with of <

ud plants

little heat, say a mean annual tempera
good su

•iua Canada. . . .

The fifth group, Hekistothermal plants, those requiring least

heat, such as make up arctic, antarctic, an i alpine vegetation.

His sixth group, Megistothernvd plants, those which require an

exceptional amount of heat, or a mean of over 86 *ahr., are

mentioned as ha 1 a part among the earlier

vegetations, hut as now represented only by a few lowly organized

plants of thermal waters.
, ,

._ , _ _

The present distribution of plants over the globe depends, 1,

upon the distribution In a •
uPon.

the Phy81"

cal conditions, m a of heat and moisture, now
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the corresponding sorts of plants have occupied stations widely

different from those they now occupy. As illustrating this, I VCan-

dolle mentions the fact that the vegetation of the borders of the

Mediterranean extended to Paris at the commencement of the

present period; that the arctic-alpine or hekistothermal vegeta-

tion, now belonging to the polar region and the summit of Ii^gB

mountains in Europe, occupied the plains in the glacial period

after having been once before stationed nearly as at present; that

the vegetation, say of the 35th parallel in the Atlantic United

States,°has once been as far north as the 60th parallel ; and the

intertropical flora had advanced to London at the commencement

of the Tertiary period. In another connection he remarks that,

" il est a peu pr&s demontre que les fiores actuelles des Etats-

Unis meridionaux et du Japon se sont rapprochees un fois dans le

nord, sous Pempire de climats temperes, selon l'hypothese emise,

en 1859, par M. Asa Gray." Now when one endeavors to trace

the probable connection between preceding and present vegeta-

tions, as it were historically, it becomes convenient, if not almost

necessary, to have some name under which a particular enaembit

of vegetation, such as that of a large part of the United States in

our time, may be spoken of as a whole when recognized in far

other times and places. Hence these proposed names, of Meso-

therms, &c. If the grouping and the naming, as now struck out,

are not wholly satisfactory, at least a fair beginning has been

made and a ace secured. Their utility becomes

apparent when attention is turned to fossil floras.

In these the dominant character, megathermous, mesothermous,

microthermous, or even xerophilous, is pretty clearly to be made

out, in the Tertiary floras unmis! liar forms of

i at different eras imply similar climates is an unavoida-

ble hypothesis ; that they imply similar antecedent plants is the

natural presumption ; and when, along with the general similarity,

some of the species of consecutive floras appear to be identical or

nearly so, this presumption approaches demonstration. In follow-

ing up this line in the regions and through the times which we

know most about, viz : in Europe and North America, and from

the present to the Cretaceous period, DeCandolle brings to view

various interesting considerations, and among them a corollary

drawn by Heer, which our paleontological geologists should

heed. N amely, that when two fossil floras or faunas are very

similar, but in widely separated latitudes (say Spitzbergen and

: rope for a marked instance), they cannot possibly have

been contemporaneous. For difference of temperature according

to latitude must have been as real as now within the periods re-

ferred to, however modified by geographical configuration ;
and

of two such floras the northern must have been the more ancient,

since the temperature has on the whole diminished in the course

of ages, and especially during the Tertiary epochs. And not only

very different fossil Tertiary floras must have been contempora-

neous in different latitudes, but probably under the same parallels
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also, at least as different as the present floras of Europe and Chin*,

or of California and Pennsylvania.

How the adaptive diversification into these physiological groups

came to pass, is a question of the same nature as that of the diver-

sification into classes, genera and species, but far easier to form a

conception of. As a specimen of the essay we translate a portion

of DeCandolle's remarks upon this

:

"Starting from the idea, admitted by physicists, of a nearly

uniform and considerably elevated temperature of the earth at a

remote period, followed by a very gradual cooling and distinction

of climates during an incalculable series of ages, there must have

been at first only one physiological group of plants, that which 1

have called megistothermous. "To this succeeded the plants of

the Carboniferous era, of little diversification, however, as com-

pared with those of subsequent ages. They would seem to have

Wen inegatherms, or sometimes mesotherms, for the existing terns

and conifers correspond to those two categories. Among them
there may have I. ecu species adapted to the long polar tui,i_nt-.

just as our ferns often inhabit the forests, and as some cultivated

conifers, such as Cryptomeria Japonica, prefer the shade. The
getation of the north,

Ived elsewhere. It is

difficult to conceive what was passing during the immense period

of the secondary formations, on account of the subsequent disper-

sion of the land surface-, th. extent <>f the - ;
s which covered

Europe, and the fewness of the fossil plants which have thus tar

been studied. At the commencement of the Tertiary period, the

megatherms occupied all the exposed surface up to the 48th de-

gree of north latitude, that is to say, all the present hot and tem-

perate region. The other classes became detached little l.\ uttle

from the led, and localized toward the north

and upon the mountains, in proportion as the increased cold drove

out the prior possi - rs. < Jrad iall\ tin rm gatherms lost territory

and the others acquired it. This is the simple expression ot the

" How and by what means has this physiological gr.

accordance with the climates been effected? Here hypothesis

begins. The question is the same as that which res

evolution of forms, except that here there is a basis < 1 known tacts

which in that case is wanting; and nobody can pro-.

was originally only one kind of plant at a t.

certainly only one climate. And unify of

may have been. There

one. As "to the cause of this evo'

hypothesis proposed by Darwin for that of t

cable, and equally finds support in the e:

become more and more known. Thus the changes both u

logical character and in the forms have been very slow and very



aporta, following in the footsteps of Heer, furnishes abundant
proofs of a slow and continual substitution of analogous forms,

whirli :- '[iiiti- contrary to the hypothesis of abrupt renew:; Is ;it

_:'h unknown causes, as maintained by the

eminent Zurich professor. But I need not now discuss the Dar-
winian hypothesis. At least we may wait until some other dis-

cussable hypothesis is propounded."
As we write this, the information comes to this country that

M. IVCandolle has t ! . . distinguished honor of being elected one

of the eight foreign members of the Institute of France (Academy
e vacancy made by the death of Agassiz.

(2.) W.C.Williamson: Primeval V< (fetation in its relation to

the Doctrines of Natural Sela-tln,, ami E>;>hit)nn.—Th\s is one of

the fourteen able Essays and Addresses by Prc>f< $,«,< ami L> '»,•> >•

,f Omens Calleye, Ma_)„-hester, published in commemoration of the—
rag of the new college buildings, Oct. 7, 1878 (Macmillan &
London, 1874), and forming a handsome octavo volume of 560

pages. Professor Williamson's lecture fills fifty-five pages, with a

sketch of what isknown ofthe vegetation of the preceding, mainly of

tic <aiii' with evidently well considered

and noteworthy remarks upon the hearings of mir actual knowl-
edge on the question referred to. It opens with a reference to

the "wide-spread commotion in the scientific world" caused by
" the allied doctrines of Darwin and Herbert Spencer in relation

to the origin of species." The popular association of these names
is natural enough, and Mr. Darwin has himself to some extent

furthered it. But scientific men, it is to be hoped, keep up a dis-

. -sued by evolu-

Z

arch a

I-

tionary hypotheses and the a /
history

Spencer. The former brings new aids to

al problems to be attempted : of the latter it

to speak, and we could not well speak

Professor Williamson does. On the other

hand Professor Williamson alludes to "the advocates of the new
views " as " treating with ill-concealed contempt any one belong-

ing to an older scientific school who is unahh to travel along the

new road with rh< ir \ ijor, .u-, steps." Surely this cannot be justly

said of any who have treated of vegetation, recent

under the light of the "new views," nor of Mr. Darwi
indeed, this is so far from being true that it is fair to presume that

the professor had some other order of persons in his mind. He
concludes that "the geological record is Less imperfect
than zoologically, since we practically catch the vegetable king-

dom at a comparatively early stage of its history, and are able in

some measure to trace its upward progress,"— propositions which.

we suppose, are open to serious doubt. That "the extinct vege-

n has been comparatively negle.-ted in connexion
with this subject " may be true ; but a singular idea of what has

been done and attempted is conveyed when Dr. Dawson's name

,
and Heer and Saporta, New-
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"berry and Lesquereux, are left out of view—perhaps because they

have not written polemically. These are all the faults we have

to find with what appears to be a fair and faithful presentation of

tin' topic, as respects the fossil botany of the Devonian and Car-

boniferous format ions, with which the author is thoroughly fami-

liar, and to which he mainly restricts his attention in this essay.

lli< conclusions arc that natural selection and evolution " unques-

tionably account in a satisfactory manner for many phenomena
that have hitherto received no otic .•ion," such,

for instance, as the production of varieties, " while it is equally

certain that many of these varieties are wholly undistinguishabk

from what we designate [as] species; it is also true that in many
instances generic types appear to merge into each other in such a

way as to make it difficult to define their boundaries." The
longer he studies any group and the more numerous the speci-

mens obtained from different, localities, the more utterly does he

distrust their specific and even generic distinctions ; and he can

account for this state of the case only on the supposition of " in-

terne, diate forms produced through the action of the varying ex-

ternal forces which lead to evolution." To the question whether

variations are boundless or are confined within definite limits.

while admitting that those limits may include

would include families also, he replies that " the facts of paleo-

phytology appear to me to favor the latt r rathe; than the former

conclusion. We have not much difficulty in^ distinguishing the

great paleozoic types from one another." This, surely, is what

would be expected, at least by Mr. Darwin.

(3.) J. W. Dawson: Annual Address of th Pre :

Natural History Society of M udr-.ol, Ma v. 1-74.—

A

portion of this address is devote 1
"

' >.-'}" :lll
'|

related .natters. - Dawson's views and

aims are not very unlifc

mode of argument and the tone are. Both have oc

a Ives mai : ^ions;and

this may explain the contrast between their conclusions as to the

of types and forms, and those of Count

Saporta, based upon the fuller record- of T
DeCandolle has referred to in an extract given above. 1 rofessor

K>n probably thinks that evolutionary hypotheses in some

.

'.'-

s inclined to acee;

>lution tor species and genera. D.

. varietal

conventional ,<" di<1 n-uished from .atural species "maintaining

that the latter are permanent and " a * we can

ivak, out, the difiVi -n.-e hetween hi-

. a.-.--. : '.:
-

:: ; -
:

„ ... : - .
.

.-. - - . -
.

actual evidence (such as that of known int

ever it do, N .r U nds to d.. - . we have , ul> t t ranker these from
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the list of actual to that of conventional or spurious species; and
so the doctrine of the " marvelous permanence of specific tvpes

"

will remain unassailable, while the truths for which "modern
theories of derivation have been chiefly valuable, so far as estab-
lished, will remain a- -id-antia] results after these theories have
been exploded." "Exploded" is hardly tin proper term (except
as suggestive of the " engineer hoist with his own petard,") for a
process in which the doctrine of the derivation of species has all

the life taken out of it as fast as it comes into existence. This
method of confutation is more effectual than original. It was
foreshadowed by Sir John Harrington in the 16th century; when

" Treason doth never prosper, what's the reason ?
" Why, if it prosper, none dare call it treason.

This absolute distinction into varietal and derived as against
spec: He forms assumed to be underived, along with the recogni-
tion that some of the latter have come down through the Tertiary
or even from the Cretaceous ages, " while some species have dis-

appeared without known successors, and others [like them?] have
come in w ithoiu known predecessors," seems to be the key to the
interpretation of some points in the follow \ws pas-aye. We quote
it at length, being doubtful if we could do it justice in an ab-

" Physically the change from the Cretaceous to the Tertiary
was one of continental elevation—drying up the oceanic waters in

which the marine animals of the CYeta<<ou- lived, a

constantly increasing scope for land animals and plants. Thus it

must have happened that the marine Cretaceous animals disap-
peared first from the high lands and lingered longest in the val-

ley-, while the life of the Tertiary came on first in the hills and
was more tardily introduced on the plains. Hence it has arisen
that many beds which Meek and Cop- re-ard as Cretaceous on the
<\ lichee of animal fossils, dewberry and Lesquereux regard as
Tertiary on the evidence of fossil plants. This depends on the

w that in times of continental elevation newer produc-
tion- of the land are mixed with more antique inhabitants of the
sea; while on the contrary in times of subsidence older land
creatures are liable to be mixed with newer products of the sea.

Thus in Vancouver's Island plants which Heer at first regarded
as Miocene have been washed down into waters in which Cretace-
ous shell-fishes still swarmed. Thus Cope maintains that the

.
.- or Fort Tnion uroup contains remains of Cretace-

ous reptiles, while to the fossil botanist its plants appear to be
unquestionably Tertiary. Hence also we are told that the skele-

ton of a Cretaceous Dinosaur has been found stuffed with leaves
which Lesquereux regards as Eocene. At first these apparent

-ms seem puzzling, and they interfere much with arbitrary
classifications. Still they are perfectly natural, and to be expected
where a true geological transition occurs. They afford, moreover,
an opportunity of settling the question whether the introduction
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of living things is a slow and gradual evolution of new types by
descent with modification, or whether, according to the* law so

n-ited l»y Barrande in the ease »>f the Cephalopoda and
Triloi.itcs, new form- are introduced abundantly and in perfection
at once. The physical change was apparently of the most gradual
character. Was it so with the organic change? That it was not
is a ppaivnt from the fact that both Dr. Asa Gray and Mr Cope,
who try to press this transition into the service of evolution, are
obliged in the last resort to admit that the new flora and fauna

dace. Gray
h, Cope sup-

poses the mammals came from the south ; but whether they were
landed from one of Sir William Thomson's meteors, or produced
in some as yet unknown region of the earth, they cannot inform
us. Neither seems to consider thai if /i ant Sequoias and Dicoty-
ledonous trees and large herbivorous Mammalia arose in the Cre-
taceous or . ave continued substantially unim-
proved ever since, they must have existed somewhere for periods
far greater than that" which intervenes between the Cretaceous
and the present time, in order to give them time to be evolved
I"' ! i lit rior types; and that we thus only push back tin lifficuln

of their orig rantage of having to

aost portentous and fatal imperfection in our geological
record." (pp. 9

?
10.)

The latter portion of this paragraph conveys a singular idea of

what one of the writers referred toby Principal Dawson was about
Dr. Gray had a problem before him, of which these are the salient

points and the emphatic facts : The Taxodium or Bald Cypress of
"Hi Southern Atlantic States, or a tree so like it as to be now un-

'hstin^uislmU \ wa> in the Miocene age an inhabitant of the antic
regions round the world. The Sequoias or Redwoods of Califor-

nia were represented in this same arctic Miocene flora by several

species of similar trees, two of which were so much like the two
present Calii /.if we mistake n.-r. Dr. Dawson
i" disposed to regard them as " varietal forms" of the same. Be-
sid.es these peculiar types, the arctic Miocene forest contained, and

y consisted of, trees and shrubs generically like those

which compose the forests of New England, Virginia, etc., some
of them generally resembling, others very closely resend
some seemingly specifically representing, our existing trees. V\ hat

was the probable relation between ir 1:m "

tude and the arctic ones of ancient times? In answering this

question, Dr. Gray took two post :! common
with the scientific world: 1, that the nu>r
a species are descendants of the earlier ndividu 1- of the same
species; 2, that the temperate-climate vegetation which once

flourished beyond the arctic circle was slowly
the cold. His moderate theoretical inference is, that the vegeta-

tion among which we live has, as a whole, descended from the

arctic Miocene vegetation, most of it with modification, some of

it without. This is what Dr. Dawson calls being " obliged in the
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His death followed close upon that of his old and near friend Meiaa-

ner, «
.1"

I Jasel. His herbarium, we understand, is in part bequeathed

to certain institutions and individuals, and in part will be sold.

lli> lii.rary, said to be very rich in other branches of natural his-

tory, as well as in botany, is by the late owner's desire to be sold

entire. This will afford an excellent opportunity f

III. Astronomy.

Polariscopic Observations of Coggia's Comet (1874, Hid-
ing the greater portion of the time when the comet was favor-

ably situated for observation, it was unfortunately hidden by
clouds, or extingi tze. On one or two occasioi

however, I was able to obtain evidence that its light was poll

ized. The instrument employed was the very sensitive polariscope

described in the May number of this Journal.

On the evening of July 6, although the sky was generally full

of drifting clouds, clear intervals appeared now and then, which

allowed a distinct view of the comet. The polariscope showed

the bands, both bright and dark, quite definitely, and they were

seen with comparative ease. Observations repeated a number of

quite clear, gave the same result^ though "less

twilight had begun to interfere with the <

waiting until this had disappeared, it was possible to see the ban<

though with some difficulty, and the degree of the polarizati

appeared to be decidedly less than on the prew
The( nfavorable to admit of any deter-

i of the percentage of light polarized, but it was certainly

not large. The fact of polarization shows that a considerable

portion of the light of the coma is derived from the sun by reflec-

tion. A. W. WEIGHT.

Yale College, July 24, 1874.

2. Spectrum of Coggia's Comet (1874, in).—In the Comptes

Rendus for June 8, 1874, M. Rayet gives an account of spectro-

scopic observations, made early in June, which showed
spectrum of the nucleus was continuous, resembling that of B St»*

of the sixth magnitude, except that the color at the extremitiesmagnitude, except thi

could not be distinguished. The spectrum of the

;tary spectra, differing irom ujc"*,

fact that instead of being sharply terminated on

tinguisnecl. ine spectrum oi xne coma wuoi=-^
of the usual three bands of cometary spectra, differing from them,

1

,rply termii

the less refrangible side and fading gradually away toward the

blue, they were definitely bounded on both sides, the cc-*™'

band especially terminating sharply on both edges as if by '<
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while the other two were slightly diffuse on both edges, thus
incc the ordinary type. T ;' ;is l.ritrht

" M. Rayetthe central hand. M. Rayet states that the three corresponded
'

y with the yellow, green and blue parts of the spec

ving more definitely their exact positions and d
speaks of the nuclear spectrum as very short.

respectively with the yellow, green and blue parts of the spectrum.
without giving more detinitel;

peaks of the nucl
,rity was observed by

i 25, 1874), "It struck me that the spectrum w

giving more definitely their exact positions and

same peculiarity was observed by Mr. Lockyer, who'says (Nature,

5 deficient in blue rays ; and as one saw in the telescope
a ian-JiKe structure above the nucleus (as seen in an inverting tel-

escope), so also in the spectroscope, the continuous spectrum
sparkled as if many short, bright lines or bands were superposed

3. Observations of the Aurora Bnrealix made l»j Mixkkva K.

Wing, at West Charlotte, Vt., lab 44° 19', lorn/. 73° 15' W.from
(rret/twirh.—The following observations were communicate. 1 to

the Smiths..: have been forwarded to this Jour-
nal by Prof. Joseph Henry.

1872. Oct. 5 and 6, Aurora first observed at midnight; lasted until daylight; con-

fined to a belt from "W. to E. across the zenith. Oct. 28, 8 p. m„ a

low in the north; brightest near midnight. Oct. 29, 8 p. m., a low rim of

Occasional auroi nder of night.

Dec. 23, 8 p. m., Auroral lights lasted until midnight. Dec. 31, at times quite light

1873. Jan. 5, Auroraat 2 A. M., brightest at 3 a. m., with a few streamer, is X B.

Jan. 7, 8-J- p. m., aurora in E. and W. sending beams to zenith

Jan. 29, midnierht. aurora similar to that of the 26th.

aid through which the stars shone, re-

1 night till

bright from midnight until morning. Fe
"*

Feb. 22, 8 p.m.Jan. 26th.

bright; 'very white. Feb. 27, aurora from midnight ti

March 1, Aurora from 7| P. m. to midnight. March 5, aurora from 9 p. J

north, at 9 p. it. 'March 24, 8 P. if., bright auroral light in north. March 2'

8 P. M., quite bright in N. "W., lasted all night,

ril 8, 7 p. m., Crimson aurora. April 11, at midnighl

April 16, light on N. horizon. April 21, strong auroral hght

7 3, Faint aurora 'all night. May 6, Bright aurora, lasted all night.

rora all night. May 20, aurora all night. May 22, bright auror*

cloud bank in N. May 31, aurora aU night.
.

» 18, Bright display of auroral lights. June 22, auroral lights dum

';St£ :on. Sept." 20, bright auroral light on N. 1

:
ht till morning. Sept. 30, bright but low
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IV. Miscellaneous Scientific Intelligence.

ment Printing Office.)—This is the twenty-seventh of the series

of annual Keports of the Smithsonian Institution. The Report
appears more than a year after its da te ; -uch are the delavs at

the Government Printing Office. The Report of the Secretary,

Prof. Henry, for the year 1872, covers fifty pages of this volume.

t the line of policy which has been steadily followed during ;

he government of this institution, under

of Smithson (of which the United States act only as

quarter of a century in the government of this

trustees), is fully set forth, and its essential wisdom shown by i

good results. With an income of only about $45,000, by the use

of great economy, the Smithsonian conducts a world-wide system

of c binges of hooks and objects of natural history, having on

its lists the names of nearly 3,000 correspondents in all countries

where science is cultivated, to whom its pul

sent, and from whom returns reach its archives. The Smithsonian

Contributions (quarto) have now reached seventeen ponderous

volumes, filled with original memoirs. Its Miscellaneous Contri-

vo) are composed of (mostly) original memoirs on natu-

ral history, meteorology, and other departments of science de-

signed to aid those enga L These objects, with

the custody of its collections, the care of its buildings, and the

payment of it- - iff. re.pnn I i wise md frugal id i

its funds to avoid the shoals of insolvency. Under the conduct

of its distinguished Secretary, and his Assistant Secretary, Prof.

Baird, the Smiths lit ion of com-

manding influence for good in matters of science. A General In-

dex of these annual Reports at the close of the thirtieth volume

(that for 1876) would add greatly to their value.

2. Seventh A metal liepnrt of the Trustees of the Peabody
Museum ,,/ Amerlcau Ar-haology and Ethnology. 42 pp. 8vo.

Cambridge, 1874.—The Report opens with an account of the

Agassiz collection obtained during the voyage of the Hassler, with

descriptions of the crania and other specimens. One microcephalic

skull, from Ancon, of an individual not quite adult, has the internal

capa«-it\ '"-> cubic inches, or 14 per cent of the average Peruvian

cranii m. i id mu h -in er t n the crania of some Peruvian chil-

dren not over seven years of age. Though probably idiotic, there

are no marked signs of it. The closing article is on Human Re-

mains in the Shell Heaps „f the St. John River, East Florida, in

which the author, Prof. VTymun. presents reasons for l> :

was praetised"bv the Indians. In evidence of this, it

is stated that the bones were not deposited as in ordinary burial,

but scattered in a disorderly manner; secondly, they were broken,

as if reduced to a size suitable for the vessels used in cooking

;

re was a degree of method in the breaking of them,

showing that it was not done bv wild animals.

3. Geological Survey of Hokkaido : Yesso Coals. A E»p»rt

by Henry S. Mukkok, KM. 39 pp. 12mo. Tokei 1874. Pub-
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Kaita Kushi.—This handsomely printed report (in

h) reaches us through Mr. B. S. Lyman, chief geologist
lining engineer. Mr. Munroe has made thorough work of

the Yesso coals, giving in a series of tables both proximate :md
ultimate analyses, and, with the latter, a calculation of the calorific

power, evaporative power, and temperature of combustion. The
geological horizon of the Yesso coals is not given, but we infer

from the following remark by Mr. Munroe that they are probably
of herniary age. "It will be seen on inspecting this table'* (coni-

parative table of coals from different parts of the world) " that
these Japanese coals are widely removed by this composition from
all coals of similar age, ami ran he compared with the best Carbon-
ifetv.us coals. They are therefore ncitln r Iignites -nor brown coals,

,tuminou. toas. is statement t e ana yses given

Mr. Lyman states the whole thickness of workable and proba-
bly good coal, in the Kayanoma held to be at least thirty-five feet,

chiefly in "beds of from three to seven and a half feet thick.

4. Supplements aux Notes sur les Tre/nblements de Terre

ressentis de 1840 a 1868
; pp. 70, Bruxelles, 187a ; and Note sur les

Tr,, >>}>!. ,„?,,'< T ,-,', m 1^70 >n;c >»y 7<
',m< „t j.n„r 1869

;
par

M. Alexis Pekeey, Professeur Honoraire a les Facultes des

Sciences de Dijon; pp. 146, Bruxelles, 1874.—These are papers
presented by Prof. Perrey to the Royal Academy of Belgium,

ly of their

Memoires. They !>i i v cord> to the close

of 1870. T v notices to those previously pub
lished for the years 1843-1868. In the latter, the supplement for

1869 occupies 60 of the 146 pages. In connection with a slight

trembling
. Sept 20, 1867, the author notices

several observations of slight ear >vn only by
the unusual oscillation of the levels of astronomical instruments.

5. Blue Pigment of th iv/y/^/'f^.—Fifteen centuries before

the Christian era, the Egyptians appear to have been acquainted

vrith the preparation < f thn • disth i hinds of blue pigment, pre-

pared from mivtmvs of sand. soda, and lime, with oxide of copper.

-

i the subject to the June
' the Annates de Chicle. The investigation was con-

dn r I i„ p, ,_, t \ i „, lt ,,rv , t th< Cou> r\ it in des Arts et

Metiers, am! so , examples of t he him trit were then made at the

Xationnl ; S.'-vre-, under M. Salvetat. The
author publishes not only analyses of ancient specimens, but reci-

pe hm- their imitation. 'A mixture ot 7" parts of white sand, 25

of chalk, 15 of oxide of copper, and 6 of dry carbonate of soda,

yielded, when fritted together, a blue material said to be « qual in

color, textur he ancient examples.—Athencwm,

i been established at Zi-ka-Wei, in China, under the supenntt
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ence of Father Dechevrens. A first Report of the diurnal varia

tion and of the magnetic intensity for part of March and April

last, has been received in this country, from which we gather thai

of the dei
-

;e set of

bservatory"; and as Father Dechevrens and his

13-7'', and of the intensity, 6 -92833. A complete

agnetographs, by Alio, has been forwarded 1

y; and as ~ '

have been well in<trueto<l in their use, we may hope that a series

of valuable observations of the phenomena of magnetism will be

obtained.

—

Athencewn, June 20.

7. Festschrift zur Feier des hundertjahrigen Bestehens der <>• sell-

scfxift Xnturforschender Freunde, z>< Berlin. 264 pp. 4to.—Con-

tains papers presented at the centennial of this Society, July 9th,

1S7:{. The authors an.- Hhivuherg (on the phosphorescence of the

ocean), Rammelsberg (on the chemical nature of some minerals),

Rose (on the meteoric iron of Equiqne), Gersueeher (on the mor-

phology of Or :. Dr. Ghastav Fritsch, L. Kny
(on the axillary buds of the Floridese), P. Magnus, E. v. Martens,

W. C. H. Peters (on Dinomys, from Peru), Dr. P. Ascherson and

Otto MtuTer. The volume is illustrated by twenty plates.

«. American Association for the Advancement of Science.—
The twenty-third meeting opens at Hartford, Connecticut, on

Wednesday, the 12th of August, at 10 o'clock. Members should

report on arrival at the State House, where will be the head-

quarters of the Association.

9. French Association for tht Adan cement of Science.—The

French Association for the Advancement of the Sciences is to hold

i comm
. local

c

rection of M. Kuhl-

>sponding member of the Academy of Sciences, assisted

by the mayor of the town and other e '

dent of the Association for the presei

At/tenifi/m, June 20.

10. Academy of Sciences, Paris. — A. DeCandolle has been

elected Foreign Associate in place of Professor Agassiz. The for-

eign members of the Academy of this highest grade an

to take part in all elections, and enjoy all the
|

bers in Paris. M. von Kokseharow, of St. Petersburg, has been

made Corresponding Member, in place of Professor Sedgwick.

11. University of Oxford.—The chair of Geology at Oxtor.l.

made vacant by the death of Professor Phillips, has been well

filled by the appointment of Mr. Joseph Prestwieh, F.K.S., l.U>.

12. half Hour Recreations in Popular Science. (Estes & Lau-

riat, Boston.)—No. 11 of this series contains an article by ib>->ert

-.. on Coal as a Reservoir of Power, and another by

Professor Clifford, on Atoms.
13. On the so-called Zand-Plants of the Lower 8*

Ohio.—On page 113 of this volume, six lines from the

the word exception-, insert— and those of a very few foreign

Lycopodiaceous plants : a clause inadvertently omitted. J. s. n.
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On the possible Variability of the Earth's Axial Rota-

tion, as investigated by Mr. Glasenapp ; by SlMON Newcomb.

In the number of this Journal for September, 1870, I called

attention to the fact that there were apparent inequalities of long

period in the motion of the moon, which had not been accounted

for by the gravitation of the known bodies of the solar system,

and suggested that they must be accounted for in one of three

ways: either (1) there are inequalities in the motion of the

moon, due to the gravitation of the sun and planets, which have

hitherto eh* •"
; or (2) the motion

of the moon is affected by the action of some other forces thai.

that of gravitation ; or (3) the time of the earth's rotation on

its axis,' and therefore the length of its sidereal day, is subject

to irregular variations of long period Of these three ex

hypotheses the second was shown to be improbable, because such

forces would be likely to produce either r
eg

short period, or progressive secular variations, instead of the

very slow and irregular changes actually observed. If, then,

the first hypothesis were excluded, we should have to fall back

on the third as the most probable explanation.

The investigation of the first hypothesis is a purely mathe-

matical process, admitting in theory of being earned through

with any degree of rigor. Since the publication of the paperm
question I have been engaged in this investigation, and although

the pressure of other engagements has prevented its completion,

it is so far advanced as to make it quite improbable that there

are any other inequalities of long period in the motion of the
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moon produced by the gravitation of the planets than the one

due to the action of Venus, discovered by Hansen. Assuming

provisionally that this result is correct, and that the gravitation

of the known bodies of our system cannot produce the observed

ties of long period, we are forced to accept the hypoth-

esis of the variability of the sidereal day as a provisional theory.

At the same time, so long as we have no independent proof of

such variability, it cannot be accepted as an established fact. It

therefore becomes very desirable to find some independent test

of the invariability of the sidereal day. In the paper referred

to it was remarked that observations of the interior planets,

especially transits, might afford such a test. But it has since

occurred to me that eclipses of the first satellite of Jupiter

might afford a yet better and more decisive test. The definitive

and exhaustive application of this test would require the com-

plete re-investigation of both the theory and observations of

Jupiter's satellites, a work for which I have collected some of

the materials, but which I have not been able even to corn-

There is, however, one circumstance which rendered the sat-

isfactory application of the test very easy. Granting that the

inequalities were really to be accounted for by changes in the

earth's rotation, the most extraordinary and sudden change of

which we have knowledge occurred about 1860. The velocity

of rotation, which for the ten or twenty years previous had been

rather slower than the average, was then suddenly accelerated,

so as to cause a subsequent gain of perhaps a second per annum,

which continued at least till 1872. Collecting all the accessible

observations of Jupiter's first satellite from 1850 to 1871, a

bange seemed to be indicated by them, but it was only

about half as great as that indicated by the moon, and no

greater than its possible error; so that the result did not in any

considerable degree affect the probability of the hypothesis.

Last summer I learned that Mr. Glasenapp, of the Pulkowa

Observatory, was engaged in an extended investigation of recent

observations of the satellites of Jupiter; and, as it seemed

desirable that the proposed test of the hypothesis should be

made by another, I requested Mr. Glasenapp to try whether the

times of the eclipses of the first satellite would be better repre-

sented when they were corrected for the hypothetical changes

in the earth's rotation. Assuming the earth to be correct at the

epochs 1840 and 1870, we should have earth time slow by the

following amounts at certain other epochs

:
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Mr. Grlasenapp has just published his paper in the Eussian

language, the concluding part of which is devoted to this in-

vestigation. He has also sent me the following more extended

account of his investigation, from which I omit the citation of

the original observations.
"A great many preparations for the expedition of the transit

of Venus, and the publishing of a Russian memoir on the

observations of Jupiter's first satellite, have not allowed me
to take up the question of the variability of the earth's axial

rotation, which you proposed to me some time ago. But now I

have investigated this very interesting question, and the result

seems to me to be satisfactory, so that your hypothesis is very

probable.
" In the investigation I have chosen the two following ways

:

(1) I have tried if the c

Year 1845 + l
3

1850 + 2

f 5

+ 10

1862 +"
1864 +10

4- 6

1868 + 2

1872 - 2

you sent to me in your letter dated October 24, 1873, ap-

plied to the observed times of the eclipses of Jupiter's first

satellite, will bring them in better agreement with the tables of

Damoiseau than the uncorrected observations. The result I

obtained is favorable, that is, the observations corrected by the

quantities (1) are represented better than the uncorrected ones

:

thus your corrections seem to be real.
^

.

"(2.) I determined the corrections of Damoiseau s ecliptic

tables of the first satellite for 44 di
I

«*« from

eclipse disappearing and 22 from eclipse re,r.

evident that these corrections, and consequently the corrections

of noon (when the corrections of Damoiseau s tables are con-

have found.

"Allow
of this int(

Mimntitics) change in the satr
_

you obtained from the observations of the

and that their periodicity is very near the same you

to you the whole investigation

problem.

I. First investigation.

; A11 the observations of the eclipses of tte first satellite

disappearing, as reappearin
:

^1848 till 1873, which I



164 S. Newcomb— Variability of the Earth's axial rotation.

could find in astronomical literature, have been reduced to

a homogeneous form, that is, they were corrected for the influ-

ence of the different dimensions of object glasses, for the in-

fluence of Jupiter's different zenith-distances at the time of

observation, for the influence of different distances of Jupiter

from the earth, and for the influence of all other circumstances

which may change the apparent brightness of the satellite, and

which can be taken into consideration. Each observation gives

an equation of condition of the form

:

*+A.y+0.*+(C-O)=O,
(
2
)

where x is the correction of the ecliptic tables, a the distance of

Jupiter from the earth, y the correction of the adopted veloc-

ity of light (4938<2 by Delambre), and p.z a correction to be

applied to the observations for different distances of the satel-

lite from the center of Jupiter. The member p . z must be intro-

duced in the equation of condition, because all the reductions

of the observations are made by Bailly's formula * (plus a con-

stant member C), which is probably imperfect.

" The solution of the equations (2) gives

:

o. Eclipse disappearing. b. Eclipse reappearing.

x =—60 9'6±8 8 -0 a;
1
= -9-8

:t:8
s'0

y =4-10-52±l-74 y,=— 1*47±1*26 (3)

z =— 1'97±3-54 z
1
=+ l-60±2-56

ro=±9 3 -89 y 1==dz9-09

(y and y , are the probable errors of an observation whose

weight is unity.)
" Then the same observations were corrected by the quan-

tities (1) and discussed in the same manner as the uncorrected

observations ; the result will enable us to see if the corrections

(1) represent better the observations of the eclipses.

" Each corrected observation gives us an equation of condi-

tion of the same form as (2) :

*+Ay4-p.z+(C-O
1 )=0, (4)

in which only the last member ,
has another signification,

because the observed times of the eclipses are all corrected by

means of the table (1). The solution of these equations give

the following results :

o. Eclipse disappearing. b. Eclipse reappearing.

x' =—42'-3±7-9 x'
1
z=—8 S-7±6 S'0

?/ =+6-83±l-72 y'
1
= -l'12dbl-24 (5)

z' =— 0'64±3-50 z'
1
=+ l-82±2'52

* Histoire de l'Academie, Paris, if
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tions (1) the observations of the eclipses of Jupiter's first satel-

lite are represented somewhat better than the uncorrected

observations. Therefore we can conclude that these correc-

tions may be real, and that your hypothesis on the variability

of the earth's axial rotation may be true.

2. Second Investigation.

" The second way I choose for the decision of the same ques-

tion is to determine the corrections of the ecliptical tables of

the first satellite for different epochs, and to deduce from these

corrections the corresponding ones of mean noon for the same

epochs.

"The values of x 0J y , z and x„ y„ b, (3), which were

deduced from the observations without the quantities (1) give

the following corrections of Damoiseau's tables

:

(1.) Correction of the tabular mean longi-

tude of Jupiter's first satellite, =—27 s'7±4 s -8

(2.) Correction of the tabular semi-duration

of the eclipse, — =-49 s-l±4-8

(3.) Correction of Delambre's velocity of

light (of the quantity of 493"-2) .... =+7-fl4-±:l-02

(4.) Value of z, which is negative for dis-

appearances of the satellite, and pos-

itive for his reappearance, =l s -73=b2 8-07

and with these values we correct the moments of eclipses as

given in the Nautical Almanac (Damoiseau's tables) and calcu-

late the quantities (C-O)—that is: calculation—observation

—for each eclipse observed since 1848.

"From these quantities we derive the following corrections

of Damoiseau's ecliptic tables of the first satellite.

a. Eclipse d

1848-86 + 6-9 -16-7

40 -2 2 + 6-7 3-4 49-27

50-00 -r-22-7 2-4 50-32

51*10 -j- 9-2 5'3 53-50

5 2 'TO + 22-2 1-6 55-70

55T)D -I-33-2
2'0 56-97

56-58 -j-20-9 4-7

57"72 +16-3 22-7

5S-S2 +11-5 7-7 60-21

5 0-00 4-22-9 2-0

+14-5 3-3

-j-29-0 2'902-17 63-37

63- 15 -j-22-0 35
64*28

66-45 -4-22-6 1-8

-f33-9 2-6

66-72

67-82
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a. Eclipse disappearing. b. E<

1868-65 +33-8 2"0 1868'S

73-25 +15-C
72-21

" To discuss these corrections by the method of least sq
let us adopt the following form for the equations of cond

x +k(t-t )+ m(t-t
Q
)2 +C-O=0,

where t is the year of observation, t =1861-00, x the c

.

of the tables for 1861-00, k and m the co-efficients to be deter-

mined from the observations.
" From these equations we obtain the following normal equa-

+ 126-9tt+ 259-3& + 8227m + 1718=
+ 259-3a?4- 8227 h + 35467m + 1706=0
+ 8227 aj+ 35467 Tc +923395//* +85480=0

b. Eclipse reappearing.

+ 140'5a;+ 455'6& + 12239m- 2111-8=0
+ 455'6a;+ 12239 k + 55150m- 9823 =0
+ 1223-92+ 55150 k +1558741m- 196478 =0

which give for x, k, and m the values

:

a. Eclipse disappearing. b. Eclipse reappearing.

x =-n-76 dbl-25 a;,= +12'69 ±0-86 )

*o= + 0-08317=b0-1553 &,= + 0"25118±0'09l72 V (7)
m =+ 006245±0-02l78 m,= + 0-0l753±0-01356

)

"If the reduced observations were quite homogeneous, no
difference should be found between the quantities k and
m, deduced respectively from the disappearances and reap-

pearances of the first satellite; but the difference we have
found between the two values of h and m is larger than their

probable errors allow it, so that properly we have no right to

take the mean of the values k and &,, m and m„ and to con-

sider it as the most probable value of m and h Still we take
these means and consider them as the most probable values

because we do not know the cause of this discordance, and
therefore make any other combination of the values fc

, h and m are

=+3"-52 ±0-71 )

=+ 0-2076±0-0783
f-

(8)
:+ 0-3006±0-01151

)
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" The probable error of h is very large in comparison with
its whole value, and this arises from the want of a sufficient

number of observations of the eclipses. Indeed, it you consider
the corrections of Damoiseau's tables, jou can easily see that
very few observations are made during many years, and during
some not at all.

" By means of the quantities (8) we calculate the following
corrections of the tables for the same epochs, for which you
obtain the corrections (1)

:

1850-5 + 4-6
]

And if the corrections of the tables may be considered as

constant quantities, the values (9) with opposite signs will be
the corrections of noon plus any constant quantity ; thus when
we change the signs in the quantities (9) and add to each of

them the constant -\-7*D, so that at 1872-5 the correction of

noou shall be the same as you have found (I), we obtain the

\ of noon.

Correction by S. Newcomb.

" The comparison of these series shows :

1. That the change of the corrections is similar in both series.

2. That the periods are very near each other.

3. That the maxima coincide.
" Although tbe corrections themselves, in both series, differ

much from each other, so that they alone cannot give us the

right to make any conclusion on their reality, but as the disap-

pearances of the first satellite, as the reappearances (a) give

the same sign for the values of k and m, (b) that the

the corrections {g) is similar in both series, (c) that the periods

of these changes are very near the same, in both cases, and (rf)
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that the maxima coincide,—it seems to me that we have the
whole right to ascribe reality to your remarkable hypothesis on
the variability of the earth's axial rotation."
On this paper of Mr. Glasenapp I remark that the case does

not seem to me so well made out as he considers it. The
hypothesis to be tested is not simply that the rotation of the
earth is variable, but that the outstanding errors in the moon's
place are due to this variation. The hypothesis can be made
more probable only by showing that the eclipses of Jupiter's
satellites are better represented when the hypothetical cor-

rections are applied. Now, by some unfortunate concurrence
of errors of theory or observation, the results from Jupiter's
satellite seem to fall just half way between the two hypothe-
ses, (1) of invariable sidereal day, and (2) of such variable
sidereal .lay as will account for the apparent errors of lunar
theory, and therefore leave the question undecided.
The question may, however, arise, whether the corrections of

" earth time" already cited are the only ones which will repre-

sent the motion of the moon. On this I remark that there is

one doubtful term of long period in Hansen's tables of the
moon which I did not take out in making the comparison on
which the above correction is founded. This term is that
depending on the longitude of the moon's node, which Hansen
has found more than a second larger than Airy and others
have from observations. I shall, therefore, determine the out-
standing mean errors in the lunar theory when we take from
Hansen's tables

; (1) the excess of his secular acceleration over
theory, 5'"4T 2

; (2) the empirical term depending on the action
of Venus ; and (3) the above mentioned excess of his value of

the 19 year term, assuming it to be 1". The following table,

_ GrJZch TaZ^on &£££
Err....

"77 ';',.T-V
:

\ ';:-

«g + 1-5
-A

+

0"0
-;;;;:. + 0*6

lil -2-i!

--
-2-7

52 4-2-::

56

til in
000 (>(,:, - 0.3

il't if-' :;;

63 (1-02 + 3-1 4-5-9

66 0-03 0-2(1

-3-9 0-2*

- o-*;

TO +*9
71 -7-2
72 -7-8 -7-8 _*,-,- 4-0-80 + 10 -5-9 _l-o -19
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partly taken from my former paper, shows the <

Hansen's tables given by the Greenwich and Washington ob-

servations, and the modification of the theory just mentioned,

the second column of "corrections to pure theory," the

heoretical annual motion of the moon is supposed to be dimin-

ished by 0"-30.

The difference between the numbers in the last column and
hose formerly cited arises almost entirely from the change of
" " the value of Hansen's nineteen-year coefficient. Let us

now treat Mr. Glasenapp's residuals by a method intermediate

between the two which he adopts. T have divided his re-

siduals into ten groups, and in order to make the observations

of ingress and egress comparable, have corrected them as fol-

lows:

The ingress residuals by -15 3

-2-f-0
s'O8 (*—1861-0)

The egress residuals by +13-4+0-25 (t—1861-0)

and have then taken the mean by weights of each group. The

results are as follows

:

Ingress. Egress. Combined.

wt. Date.Date. (--.). Date. c-o. Wt. Corrected.
'"'

1840-0 -. «v, n ,,,«., + (VI 1fi !S4<-9 -3-1 -21 24

50 T

52-7

56-3

- 6-2

; S-4
-10-2

I S-3 + 3-9 + 0* 13

- 4-0

611

67 «

720 - ,-1 28 72-8 - IV * 5 48 72-7 -34 -1-4 '*

The columns C-0 show the residuals, (1) when the length of

the day is supposed uniform; (2) when the times are corrected

for hypothetical " earth slow" from the last column of the last

table. We have now to see which series can be best repre-

sented by an expression increasing uniformly with the time.

Solving by least squares we find the expressions to be

:

Uncorrected residuals =-0"80-0"100(«-1860-0)

Corrected residuals =- 2-45+0-039(«-1860-0).

Subtracting the value of these expressions, we find the residuals

still outstanding to be as follows :
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It will be seen that of the ten residuals, all but one are diminished

by the application of the hypothetical corrections. Although

the observations are too uncertain, and the residuals too irreg-

ular, to regard this result as proving the hypothesis, yet it

seems to me to render it worthy of reception as being, in the

present state of our knowledge, the most probable explanation

of the outstanding differences of long period between the theo-

retical and observed longitude of the moon.

-Researches in Acoustics : by Alfked M. MAYEB.
Paper No. 5.

: Analysis described and

The remarkable discoveries in sound made in these later

times by Helmholtz were owing, in great part, to hi

early seen the necessity of obtaining precise knowledge of the

composition of sounds,—by means of the methods of sonorous

analysis which he had devised,—before one could attempt to

give* an explanation of the causes of timbre, of the mechanism

of audition, and of the physiological causes of musical har-

mony ; and furthermore, he reduced all of the analytic methods

and 'explanations, contained in his classical work, to a harmo-

nious system, by showing how they naturally flowed from the

fertile theorem of Fourier. As Helmholtz distinctly, states

:

" In letzter Instanz ist also der Grund der von Pythagoras

bnen rationellen Yerhaltnisse in dem Satze von Fou-

rier zu finden, und in gewissem Sinne ist diese Satz als die

Urquelle des Generalbasses zu betrachten." (Tonempfindungen,

p. 346.) .

The evident importance of the subject of sonorous analysis

will probably render interesting the few remarks I here ven-

ture to offer on this subject I will describe in order six metn-
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ods of sonorous analysis. Methods 1, 2 and 5 have been used

by Helmholtz and Konig. Methods 3, 4 and 6, as far as I

know, originated with me. To render comparable all of the

experiments which I shall describe, I shall always use one com-

posite sound of uniform intensity by sounding with a blast of

constant pressure an Ut 2
Grenie free"-reed pipe, from which has

been removed its reinforcing pyramidal pipe.

(1.) Analysis by means of Resonators applied directly to the ear.

This method of Helmholtz is so well known tbat it need not

here be described, but I will give some experiments win.! i I

have made on its degree of precision under the head of the

sixth method of analysis, to be described.

(2.) Analysis by means of Resonators connected with Kbnig's

This is the least delicate and accurate of all methods of sono-

rous analysis, but it has a value in giving an objective,

illustration, which is sometimes of use. I do not, how
refer to the use of a manometric flame placed in conned
a conical pipe, into which one sings, and which instrument in

the hands of Konig has done such admirable work in the analy-

sis of the vowel sounds ; but I refer to the harmonic series of

resonators connected with as many flames which burn near a

long revolving mirror.

The following experiments will show the degree of delicacy

of the above apparatus. I sounded the reed pipe with its max-

imum intensity when it was about one foot from the center of

the series of resonators, and produced well marked i

i the Ut
3 and Ut

4
flames, but the other flames showed only

•idented top borders. It was only when I sang loudly

Ut, or sounded this same note on a French horn that the edges

of the flames became deeply serrated.

(3.) Analysis by means of Resonators which are successively

brought „,,„. 't/lt „,„,-,' <-f o'i'ii,, <>f
' •'wysitt sound and

thus successively reinforce all of its sonorous elements.

If we take any two resonators separated by a known inter-

val, and vibrate before them the forks of this

cany these sounds in the memory. Now close the nipples o

I

the resonators with wax and successively bring their mouths

near the origin of tbe composite sound. If the simple sounds

to which the resonators are tuned exist as components <
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This method is an excellent one when the composite sound

can be obtained with intensity, when the boxes are accurately

in tune with the solid bodies (forks or strings) attached to them,

and when the boxes are in unison with the sonorous elements

of the composite sound which we would analyze. The last

1 condition is not always fulfilled in the boxes on

which forks have been sometime mounted, for the former are

apt to change their interior capacity by warping. This fact

can readily be ascertained by partly introducing the hand into

the mouth of the box, and noting the effect on the intensity of

the sound.

This method of analysis is similar to the one previously de-

scribed ; for the resonant box of a fork acts like a resonator

and can be used to intensify any harmonic of a composite sound
;

but there is an important difference in the methods, for the

fork or the string being in unison with the proper note of the

mass of air in the box, is set in vibration by the latter, so that

after the box has been removed from the vicinity of the origin

of the composite sound, and the latter has ceased, we find that

the fork sings out alone, and thus shows that it has selected

from a chorus of harmonies that one which is in unison with

its own tone. I have thus been able, by placing one fork after

another, of the series of the harmonics of the Ut 2
reed, to show

the composition of its sound to a large audience with entire

satisfaction. I have also succeeded with the following experi-

ment. Forcibly sound the reed, and place around the opening

of its " stump" all of the eight forks, of the harmonic series of

Ut , with the mouths of their resonant boxes toward the reed.

After the reed has sounded for a few seconds, stop it, and we

shall find that all of the forks are in vibration ; and thus singing

together, they approximately reproduce the sound of the reed.

This experiment to succeed requires the resonant boxes, the

forks, and the harmonics of the reed to be in exquisite unison.

te beating of simple sounds of known

f the composite sound to be analyzed.

If we use forks for the simple sounds, it will be better

flatten or sharpen the note of the sound to be anal-

yzed. Then knowing the number of beats that the fundamen-

tal of the note gives with its corresponding fork, we can desig-

nate the number of any other harmonic by the number of beats

it makes with a fork of known pitch ; for the number of beats

observed, when referred to the number of beats of the funda-

mental as unity, will be directly as the number of the harmonic
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in the series. If we cannot well alter the pitch of the compo-
site sound, then it will be well to use forks with sliding weights

on graduated prongs, or loaded strings accurately tuned and
provided with meter scales. In this system of analysis it is

very important to guard against being led astray by the beating

of resultant tones; therefore, the forks or strings should be
gently vibrated and resonators used to assist the ear.

(6.) Analysis by means of a loose membrane lehich receive the

composite sonorous wave and transmits its vibrations thn>mjh

filaments or light rods to a seriis ,,f for/r* t,i<>«nted on their

This method of analysis is the one we devised in our experi-

mental confirmation of" Fourier's theorem and described in sec.

1 (pp. 82-84). We here wish to call attention to the precision

of this method of analysis, while at the same time acknowledg-
ing the delicate instrumental conditions required to use it suc-

cessfully. The principal interest attached to it is that it shows
in a vivid manner the operation of the instantaneous decompo-
sition of a composite wave into its elementary pendulum-vibra-

tions. The method has also peculiar interest as showing, in

the most striking manner, the exaltation of the action of very
feeble periodic impulses to such degrees of intensity as to set

into synchronous vibration very large masses of matter ; and it

may be well before we discuss the subject proper of this section

to call attention to this very interesting result, as set forth in

the following experiment with our apparatus. To the mem-
brane, covering the hole in the box of the reed-pipe, I attached

one end of a fiber of silk-worm cocoon, one meter long and
weighing one milligram. The other end of the fiber waa

cemented to the face of a prong of an Ut
2
fork. This fork

weighed 1,500 grams, while the top of its resonant box and the

air in the latter weighed respectively 102 and 22 grama There-

fore, the fiber set in motion 1,624,000 times its own weight by
only a fraction of the force which traversed it, and even this

force was a yet more minute fraction of the whole energy of

the aerial vibrations produced by the reed.

An experiment like the above is instructive as an

n of the manner in which we may imagine an sethenal

vibration to produce chemical decomposition by causing such

powerful synchronous vibrations in the molecules of compounds
as to shake their atoms asunder; and we have already seen

how very feeble impulses sent through a medium of great ten-

uity can, when rapidly recurring and of the proper period pro-

duce mechanical effects which at first sight appear incredible.

Time is required in both cases to produce an appreciable action.

The time required in the case of the sonorous vibrations de-
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creases as their number per second increases, and
of the setherial vibrations we have analogical phei

the acoustical experiment, if the fork be much out or tune witn
the pulses transmitted by the fiber, no motion is produced in

the fork ; likewise, we may imagine that when the period of

vibration of one or more of the constituent atoms of a certain

molecule is far removed from unison with any of the aetherial

vibrations falling upon it, no motion, or chemical decomposi-

The analogy between the two classes of phenomena is yet

more striking when we remember that the fork selects, from the

composite vibratory motion which traverses the fiber, only that

vibration which is in unison (or only slightly removed from

unison) with its own proper periodic motion ; so, likewise the

molecule, or atoms of the molecule, select only those vibrations

from the ray which are in unison with their own atomic

periods ; and on the tuning of the atom depends whether the

result of the action of the ray will evince itself as heat, phos-

phorescence, chemical action, or fluorescence.

The following experiments show that the method of analysis

we are now discussing surpasses in delicacy and sharpness of

definition any other method in which sympathetically vibrating

bodies are employed. As already shown, the forks select from

the composite vibratory motion which strikes them only those

simple vibrations which are in unison with their own vibratory

periods. This remark, however, requires some modification,

though the qualification necessary is less than is required when
other similar methods of analysis are used. In all cases of co-

vibration there is a certain range of pitch, above and below the

sound which is in unison with the existing vibration, through

which the co-vibrating body responds. The farther the remove

from unison the weaker the response.* But in some cases a

slight remove of the pitch from unison will cause a great

diminution in the intensity of the co-vibrations, while in others

the same departure from unison causes only a slight or even

inappreciable change in their intensity. For example, I con-

nected the Ut 3
fork—the second in the harmonic series of Ut 2

—
to the membrane on the Ut

2
reed, and sounded the latter dur-

ing a few seconds. After the reed was silent, I heard the fork

sounding with intensity,f But, on loading the fork with a
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piece of wax, so that it gave Jive beats per second with the

note of the fork when unloaded, I could not, by any variation

in the tension of the fiber or of any other circumstances of the

experiment, set in vibration the fork by means of the pi liaei

sent from the reed through the fiber; yet, on placing the nipple

of an Ut
3
resonator in my ear, I perceived that this flattened

note of the fork produced a decided resonance, thus showing

that although the fork could not respond to its own note

flattened five beats per second, yet the resonator, under the same

circumstances, did enter into sympathetic vibration. When the

fork gave four beats per second it responded to the reed, but

this response was only audible on placing the ear close to the

mouth of the fork's resonant box. With three beats per second

the sound of the fork was readily perceptible, while the resona-

tor reinforced it verv decidedlv. When the fork was omt of

unison too beats per "second, its sound was slightly increased:

and with a departure of one beat per second, the response of the
- :i- A

o that

proper sound

—

the second harmonic of the reed
;
yet the resonator reinforces

this flattened sound as forcibly as it does that which emanates

from the unloaded fork. These facts concerning the want of

sharpness in the detection of pitch by means of resonators are

not in accordance with the statements made in recent popular

works on sound, where the resonator is de-

dumb until the exact pitch to which it is tuned is reached, when
it responds with a suddenness which has been compared to an

explosion !

The fork, the stretched fiber and the intensity of the sound

of the reed remaining in the same conditions as m the above

experiment. made only

one beat in eight seconds, and yet even this slight departure from

unison with the second harmonic of the reed r- M
s s response

loaded and w"hen"the" wax was removed. This fact I have

repeatedly confirmed bv testing the intensities of the two

sounds by different hearers, who were placed so that t

not see when the fork was loaded or unloaded. Now 1L M.

Weber has found that only the most accomplished musical ears

can distinguish between the pitch of two notes whose vibrations

are as 1000 to 1001, but by the above method we can readily

detect a departure from unison in the two notes amounting to

the interval of 2000 to 2001, or to the r i 5
th of a semitone.

In connection with the preceding observations, the following

experiments on resonators and sympathetic vibrations may be of

interest, I substituted for the ear the manometnc flames of

Konig, viewed in a revolving mirror, and tested the response of
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the resonators to sounds not in accord with their proper notes.

The results agreed with those previously obtained on placing

the resonator to the ear. I now mounted an Ut, fork on its

resonant case, and sounding it strongly before all the i

of the harmonic series of Ut 2 , I caused all of the :

flames connected with these resonators to vibrate, each giving

the same number of serrations as when the Ut 3 fork was
brought near its own resonator. The same result was obtained

when the fork was separated from its case, with this important

difference, however, that when the face of fork Ut
3
was brought

near the mouth of the Ut, resonator, the flame connected with

this resonator gave at the

both Ut
3
and to Ut

4 , and tl

ing experiment If one sounds the Ut
3

fork on its box, and
brings the mouth of the latter near the mouth of the box of the

Ut
4
fork, the Ut, fork will co-vibrate, and after Ut 3

has ceased

to vibrate, Ut
4

will sound out quite clearly. If, however, Ut 4

be lowered in tone, by weighting it with a piece of wax, so

that it gives two beats per second with its proper tone, then the

Ut4 fork cannot be set into sympathetic vibration by impulses

from Ut,. Also, if forks tJt
3
and Ut 4 be detached from

their boxes, and fork Ut 3 be strongly vibrated while the face

of one of its prongs remains quite close and parallel to the face

of a prong of fork Ut
4 , the latter is set in vibration by the im-

pulses of Ut 3 sent through the intervening air. Fork Ut 3
was

now loaded so that it successively made 1, 2, 3, and 4 beats

per second with the true Ut
3

pitch. When it made 3 beats

per second, it caused Ut
4
to vibrate so feebly as to be barely

audible, while 4 beats per second departure of Ut 3
from unison

produced no effect on Ut
4

.

The following experiment was now made to show the want

On of the exact pitch of sonorous

elements by means of resonators. We have just seen that the

Ut 3
fork could not vibrate the Ut, fork when both forks were

on their cases, and when Ut 3 was flattened by two beats per

second ; and also that a departure of four beats per second

prevented Ut 3 from setting Ut, in sympathetic

when both forks were off their resonant cases, and with their

prongs close and parallel to each other. But, when the Ut 3

fork was loaded so that it made from 15 to 20 beats with its

proper tone, it caused the serrations of the Ut 3
resonator to ap-

pear, accompanied by the serrations of its octave. The Mi 3

fork, although it developed the serrations belonging to its own
pitch when brought opposite the Ut 3 resonator, yet did not,

—

as might have been expected,— develop its own tone and the

octave when brought near the mouth of the Ut, resonator. It

; necessary to add that the above effects of simul-
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taneously developing in the flame the serrations of the proper
note of a resonator and those of its octave are only produced
when the fundamental sound is intense.

(7.) The Curve of a Musical Note, formed by combining the sinu-

soids of itsfirst six harmonics ; and the curvesformed by com-
bining the curves of musical notes corresponding to various

consonant intervals.

We have already seen that any composite vibration, which
produces in us the sensation of a musical note, can always be
reproduced by the simultaneous production of a certain number
of the simple sounds of a harmonic series, provided these sim-

ple sounds have the proper relative intensities. Therefore to

obtain the resultant curve corresponding to a musical note, we
draw on one axis its harmonic components with their proper

wave-lengths and amplitudes, and the algebraic sums of their

corresponding ordinates are the ordinates of the required

resultant
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Fig. 3 is the curve of a musical note, being the resultant of

the simple vibrations of its first six harmonics. The first six

harmonics having been drawn on a common axis, I erected 500
equidistant ordinates, and extended these ordinates some dis-

tance below the axis on which I desired to construct the result-

ant. The algebraic sum of the ordinates, passing through the

harmonic curves, were transferred to the corresponding ordinates

of the lower axis, and by drawing a continuous line through

these points, I formed the resultant curve. The first six har-

monics are alone used in the combinations which I have given,

because the 7th, 9th, 11th harmonics, and the major number of

those above the 12th, form dissonant combinations with the lower

and more powerful harmonics. Indeed, the harmonics above

the 6th are purposely eliminated from the notes of the piano by
striking the string in the neighborhood of its 7th nodal point.

The amplitudes of the harmonics of fig. 3 are made to vary as

the wave-length ; not that this variation represents the general

relative intensities in such a composite sound, but they were so

made to bring out strongly the characteristic flexures of the

resultant. To simplify the consideration of the curves, they

are all represented with the same phase of initial vibration.

Of course the resultants have an infinite variety of form, depend-

ing on the difference in the initial phase, and on the amplitudes

of the harmonic elements.
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In figs. 4, 5 and 6, I have drawn the resultant curves formed
by combining the curves of musical notes corresponding to the

various consonant intervals indicated below the curves. As
these curves are the resultants formed by the combination of the

composite vibrations of musical notes, it follows that the com-
ponents of these curves are not simple harmonics, as in the case

of fig. 3, but are derived from the resultant of fig. 3, by reduc-

ing to one-fourth the amplitude of that curve and by taking

wave-lengths corresponding to the intervals indicated below the

figures.

All of the curves which I have given in this paper were firs

drawn on a larg duced by photography to i

size suitable to be transferred to the engravers block.
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(8.) Experiments in which are produced from the above curves

(sec. 6) the Motions of a Molecule of Air when it is animated
with the resultant action of the six elementary vibrations form-
ing a musical note; or is set in motion by the combined action

of sonorous vibrations forminy carivus musical i?itervals.

We may imagine the curve corresponding to a musical note,

represented in fig. 3, as formed by the trace of a vibrating

molecule of air, or of a point of the tympanic membrane, on a

surface which moves near these points. Therefore if we slide

this curve along its axis, under a slit in a screen which allows

only one point of the curve to appear at once, we shall repro-

duce in this slit the vibratory motion of the aerial molecule and

of the point on the tympanic membrane. I have exhibited this

motion in a continuous, or rather, recurring manner, as follows

:

On a piece of Bristol board I drew a circle, and in one quadrant

vie I drew 500 equidistant radii. On these radii, as

ordinates, I transferred the corresponding values of the same

ordinates of the resultant of fig. 8, diminished to one-fourth of

their lengths. I thus deflected the axis of curve fig.

5 shown in fig. 7. I now cut this curved figure out
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of the board and used it as a template. I placed the latter

centered on a glass disc of 20 inches in diameter. The disc

was covered on one side with opaque, black varnish, and with

the template and the separated points of a pair of spring-divid-

ers, I removed from the glass disc a sinuous band, as shown in

fig. 7. The glass disc was now mounted on a horizontal axis

and placed in front of a lantern the diameter of whose condens-

ing lens was somewhat greater than the amplitude of the curve.

The image of that portion of the curve which was in front of

the condenser was now projected on a screen, and then a piece

of card board lmviiio- ;i inn-row slit cut in it was placed close to

the disc, with the slit in the direction of one of its radii On
now revolving the disc I reproduced on the screen the vibratory

motion of a molecule of air, or of a point on the tympanic mem-
brane, when these are acted on by the joint impulses of the first

six harmonic or pendulum vibrations, forming a musical note.

On slowly rotating the disc one can readily follow the compound
vibratory motion of the spot of light ; but on a rapid revolu-

tion of the disc, persistence of visual impressions causes the

spot to appear lengthened into a band ; but this band is not

equally illuminated—it has six distinct bright spots in it, beauti-

fully showing the six inflections in the curve.

By sticking a pin in the center of fig. 7, as an axis about

which revolves a piece of paper with a fine slit, the reader can

gain some idea of the complex motion which I have described.

From the curves of figures 4, 5 and 6 can similarly be repro-

duced their generating motions. Of course it is understood

that in all these cases the amplitude of these vibrations are

enormously magnified when compared with the wave-lengths,

and that it is really only when the amplitudes of the elementary

pendulum vibrations arc intmitelv small that the resultant

curves we have given can be rigorously taken as representing

what they purport to; for the law of the "superposition of dis-

placements " depends on the condition that tl

a molecule returns to its position of equilibrium is directly

proportional to the amount of displacement, and this condition

only exists in the case of infinitelv small displacements
;
yet

the law hoids good for the majority of the phenomena of sound.

As a per alone produce in the ear the sen-

sation of sound, and as the duration of the period ts

equal to the least common multiple of the periods of the pen-

dulum vibrations of the components, it follows that in the case

of a simple sound, or of a sound formed of a harmonic series,

that the period equals the time of one vibration of the funda-

mental
; but in the case of any other combinations the duration

of the period of the recurring vibration increases with the com-

plexity of the ratio of the times of vibration of the compo-
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nents ; thus, the durations of the following combinations are

placed after them in fractions of a second.

C*+C4=W¥ ;
C3+G8

=
T *T ;

C8+Ea
= TV; C3+Bs+G3=^;

C3+E
3+a 3 +C 4

= TVth of a second.

The above mentioned facts suggest a curious physiological

inquiry, viz : Does it require a combination of sounds, simple
or composite, to remain on the ear the duration of an entire

period, in order that it shall give the same sensation as is pro-

duced when the same combination is sounded continuously ?

In other words, will a portion of the recurring composite vibra-

tion produce the same sensation as an entire period or several

periods? The solution of this problem has been the object of

a prolonged experimental research, but up to this time the re-

sults have been so difficult of interpretation that I have not

arrived at any certain knowledge on the subject. I shall, how-
ever, return to this interesting but very difficult work.

Some time since, having occasion to make some analyses of

illuminating gas, I read descriptions of several forms of appa-

ratus for that purpose, but failed to find one which appeared

quite satisfactory.

An apparatus was desired which should be as far as possible

free from fragile or costly parts, and which, without being too

complicated, should require no corrections to be made for varia-

tions in the pressure, temperature, or aqueous vapor ; reliable

results rather than minute accuracy being desired.

The apparatus finally adopted operates on the same princi-

ples as Williamson & Russell's,* except that in my apparatus the

gas is not exploded in the measuring tube, but in a bulb for

that special purpose. The trough is nearly the same as that of

Doyere,f and pipettes are also used.

The apparatus as made consists of a measuring tube a
7
about

230 mm. long, about 20 mm. in diameter, divided into fortieths

of an inch and calibrated with mercury as described by Buusen.

The tube is firmly held by a clamp on the end of the rod J,

which rod slides up and down in c, and is clamped in any posi-

tion by the screw d. A slow motion is given to c, and thus to

the measuring tube, by means of the milled headed nut e, which

works along a thread cut on the rod /, which is firmly secured

*Chem. So.

f For figures and descri]

naire de Chemie. I, p. 280,

Doyere's Eudiometer, see Ad. Wurtz Diction-

280, fig. 42.
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to the body of the apparatus. The screw g can be turned in so
that its end just fits into a longitudinal slot in the rod / By
this means c is prevented from turning around / and the meas-
uring tube can thus be kept exactly over its well : or g can be
used to clamp c in any position. The pressure tube h is about
200 mm. long, and has the same diameter in the upper part as
the measuring tube : the lower part, which is about 50 mm. long,
has a diameter of only 6 mm. A mass of lead, covered with
sealing wax, is attached to the lower part of A, so that when it

is filled with air, it will keep upright when it is suspended from
an eye at the top. The pressure tube is hung by a wire from
the end of the arm i, which slides with friction along the rod/*
The mercurial trough is of east iron, and consists of the plate I,

which is about 180 mm. square, 15 mm. thick, and has a groove
W ita tipper surface 10 mm. wide, 6 mm. deep, and 5 mm. from
the edge ; the well k, which is about 240 mm. deep and 30
mm. in inside diameter ; and the side well ?w, for the pipette,

which is of the same depth as k ; but part of it extends 40 mm
above the top of I; m is 10 mm. wide and 90 mm. broad. The
wells m and h have walls 6 mm. thick. Of course k, I and m
are all cast in one piece. The groove in I has cemented into it,

by means of a cement composed of beeswax and rosin, a rec-

tangular trough of plate glass 5 mm. thick, cemented with the
same cement into a sheet-iron frame/, which is made by bend-
ing a sheet of the right size into a box without ends, and then
cutting out the sides so as to leave only a strip 12 mm wide
on each edge. The legs n are screwed on to the plate 7.

The pipette consists of a bulb o, of a little larger capacity
than the measuring tube, open at one end and at the other

melted to a tube about 5 mm. in diameter, having a bore of 1

mm., bent so that when it is put into the side well m, the point
of the pipette can be brought directly under the measuring
tube. The other end of the bulb is joined to the end of a piece

of good rubber tubing, about 300 mm. long, with rather thick

walls and small bore, the other end of which is connected with
a small syphon which dips to the bottom of a strong glass bot-

tle p, of rather larger capacity than the bulb o. Immediately
below the bulb is a screw clip q. The pipette is held in a stand

devised by my assistant, Mr. Lewis. It consists of two discs of

wood rr (cut away so as to fit the bulb), to which are screwed
three rods of iron ss, so as to hold the bulb between the discs and
at the same time form a tripod to support the pipette. The
Pipette tube is supported by being attached to a semi-cylindrical

Piece of metal *, which is fastened into the upper disc r. The
feet of the tripod are screwed into a disc r7

. This style of

* Compare Dr. Wolcott Gibbs, On a simple method of avoiding obse;
• s Journal, II, xlix, 376,

1
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ive invented

The bulb is

of the same capacity as the former one, but the sides are 12 to

15 mm. thick, and instead of the pipette tube being melted on

to the bulb, it is ground into the top with emery and then ce-

mented in with shellac containing a little Venice turpentine.

Two grooves are made in opposite sides of the end of the pipette

tube where it is ground into the bulb, in which are platinum

wires, the ends of which approach within 1 mm. of each other.

Care is taken to have the form of the pipette such that all the

gas will be expelled from the bulb when the mercury rises.

The apparatus is used in the following manner : Clean mer-

cury is poured into tlie well until it is about 8 mm. deep above

the top of I A drop of water is put in the end of the pressure

tube, which is suspended, so that the bottom nearly touches

I, and water of the temperature of the room is poured in until

the glass vessel is nearly full. Air is then taken out of or

added to the pressure tube until the mercury in the lower part

of the tube is just on a level with the top of a straight-edged

piece of glass u, which is fixed just behind the pressure tube

and measuring tube, so that its top edge is parallel to and about

15 mm. above the top of I. The measuring tube being thor-

oughly cleansed, and a drop of water spread over the sides, is

fixed in the clamp ; a thin slice of cork being placed between

each side of the clamp and the tube. The tube is then placed

upright in a small, long-handled cup of mercury, like that used

by Doyere, and is lowered through the water into the mercury

well. The piece c is then put over b, and fixed in position on

the rod / A clean pipette, full of mercury, is then lowered

into the trough and the point brought directly under the meas-

uring tube, which is then lowered so that the pipette touches

the top of the measuring tube. The bottle p is placed on the

table, the screw clip a loosened and the air is forced over into

the bulb o of the pipette. When the pipette tube has become

filled with mercury, the measuring tube is raised and the pipette

withdrawn. The air in the pipette is then displaced by mer-

cury, and if the o-as to be analyzed can be taken from a rubber

tube, the end of this is slipped over the pipette tube

gas then drawn in. The pipette is put into the well, placed

under the measuring tube, which is lowered a little, and the

gas forced into it by raising the bottle j> to the position p and

opening the clip q. If desirable, the gas can be bubbled di-

rectly into the measuring tube by means of a properly bent tube

When as much gas as is desired is in the measuring tube the

pipette or other tube is .

-rmg tube r"^

lowered until the top of the mercury i

the top of the glass w, and if the mercu

level with



186 G. W. Hinrnan—New Apparatus for Gas Analysis.

same height it is adjusted by altering the height of the mer-

cury in the trough, or by adding hot or cold water to that sur-

round irm the tubes ; care being taken to thoroughly mix the water

by agitation with a stirrer. The gases in the measuring and pres-

sure tubes are thus kept at the same pressure and temperature

and are saturated with moisture. The reading of the measuring

tube is effected by means of a telescope fixed at some distance

from the apparatus. As the mercury is always at the same

height, the telescope is always in the same position. When it is

desired to subject the gas to the action of any reagent, a pipette

containing a few drops of the reagent, the rest of the pipette

being filled with mercury, is introduced into the trough and the

gas drawn over as before described, and is then shaken up with

the reagent. When the gas is to be transferred back to the

measuring tube, mercury is drawn through the tube to remove

any traces of the reagent, as it is essential that none of the re-

agent should be transferred with the gas. The point of the

pipette being under the measuring tube, the bottle p is raised,

the clip a opened, and the gas is forced into the measuring

tube. When the gas is nearly over, the clip q is nearly closed,

so that the gas passes quite slowly ; the pipette is raised by a

block of wood under its base, so that its point is 40 or 50 mm.

above the surface of the mercury in the measuring tube. The

progress of the liquid in the pipette tube must be watched care-

fully, and when it is about 20 mm. from the end, the clip q is

closed, and by carefully pinching the rubber tube above the

clip the liquid is forced within 1 or 2 mm. of the point of the

pipette tube ; the point of the pipette is then brought under

the surface of the mercury, by raising the measuring tube, and

the pipette withdrawn. The quantity of gas left in the pipette

tube would be quite unmeasurable if it was five times \nrger.

It is convenient to have a pipette for every reagent. The

pipette for explosions is manipulated in the same manner ;
the

gases being exploded by an electrophorus. This explosion

pipette, in many cases, enables the short measuring tube to

take the place of a much longer one, and still be as accurate ;

since explosions can be made with just the requisite quantities of

oxygen and the combustible gas, without any dilution. I have

exploded illuminating gas and oxygen, and hydrogen and oxy-

gen without any dilution, and I presume the bulb would resist

much greater pressure, without fracture. I have found it easier

to read the measuring tube, by having a piece of white paper

pasted on the glass back of it and about 3 mm. above the top ot

the glass u. The pipettes used permit the complete transfer ot

the gases each way without the possibility of leakage, and they

keep the reagents completely out of the measuring tube, where

besides dirtying the surface of the mercury and thus rendering

the reading uncertain, they might subsequently act injuriously
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on the gas. Thus if any caustic potash was left in the measur-

ing tube and any carbon compound exploded with oxygen, there

would be found too little carbon dioxide, as part of it would

be absorbed immediately after it was formed and before it could

be measured. The only part of tin- apparatus that can be called

delicate is the pipette tube, as it is rather long and com para -

tively unsupported. But with ordinary caution there is little

danger of its breaking. If the apparatus had been constructed

one-half longer than it is, its accuracy would have been in-

creased and the system would have been nearly as manageable.

This kind of apparatus is especially suited to short measuring

tubes, for with long ones the pipette becomes fragile and un-

manageable, besides being liable to have air drawn in through

the rubber tube. The metal work is all of iron. Most of the

work was done by myself and assistant. The only work that

is difficult is in joining the tube to the bulb of the explosion

pipette. The apparatus needs about twenty kilogrammes of

mercury to work to advantage with four absorption pipettes.

The following analyses were made with this apparatus.

They show the observations required and the manner of mak-

ing the calculations. . _
Illuminating gas manufactured by the Boston das Light Oa,

and of an illuminating power of about eighteen candles I he

two analyses here given were made with the same sample.

1st ANALYSIS. 2nd ANALYSIS.

iST "IE
100

!HT ^iiiS^^absorbedbyKOH.
146-5 2^79 1490 23-16 Oxygen, absorbed by pyrogaUate.

138-2 21-58 140-3 21-88 Hydrocarbons, " S0 3 ml^SO.,.

13-41 Exploded.

2 06 Carbon dioxide absorbed.

7-88 Hydrogen added.

(A)CH4 +C0 +H 4

(B)CH 4 +C0
(C)2CH4 +*CO + i]

2C-A=3CH,
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The hydrocarbons gave 17 '70 per cent carbon dioxide by a

subsequent determination. The calculations show that an error

in the nitrogen determination affects the carbon monoxide,

methane and hydrogen by the amount of the error. If in the

place of the nitrogen found in the first analysis, we substitute

that found in the second, we have CH
4
43 :20 pr. ct. ; for CO

5-85 per ct. ; and for H
a
42'93 per ct. ; and these numbers agree

much better with the numbers of the second analysis. I have

not been able to find any duplicate analyses of coal gas and not

many of any kind, so I am not able to compare the accuracy of

these analyses with that of analyses made with a different appa-

ratus. Each of these analyses required from three to four

hours for i

Analyses of comm<on Air.

collected April 25, 1874, freed from CO s .

•57 H 2 'added,
•42 Exploded,

0*

per cent of 0* H"
Same Sample.

H*0 formed

0,

19-00

•75 Exploded, 20!'!

Air collected April 26.

Each of these air analyses required about half an hour for i

execution. These analyses seem to have about the same d

gree of accuracy as the average of those made by Bunsen.
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This apparatus is especially useful where it is desired to ob-

tain reliable results in a comparatively short time. As before

Motioned, it was designed more especially for the analysis of

illuminating gas. It will be noticed that the explosion pipette

of this apparatus is nearly the same as the Cavendish eudiom-

eter ; the chief difference being in the manner of introducing

and expelling the gas.

Office of Gas Inspection, Boston, May 14, 1874.

Art. XVIII.

—

Researches on the Hexatomic compounds of Cobalt

;

by Wolcott Gibbs, M.D.

[Continued from vol. vi, p. 116, August, 1873.]

5. The salts described by Fremy* under the names of chlo-

ride, nitrate and sulphate of fuscocobalt contain also eight atoms

of ammonia, and may be regarded as belonging to the octamin

series. These salts have, according to Fremy, respectively the

formulas

:

Co,(NH 3 ) 8
.O.Cl 4

+30H 2

Co 2 (NH 3 ) 8
.0.(N0 3 ) 4

+30H2

Co,(NH 3 ) g
.O.(SOJa

+40H 8

in modern notation. Thev are brown resinous masses, are dif-

ficult to obtain in a state of purity, and have as yet been but

little studied. If we admit that the formulas are accurate, we

may write them in accordance with the theoretic views which

I have adopted, as follows :f

Co,

\H >so 4
MI -No

NH3-C1 I Nil,-NO,

NH -NH!> Co>
1 NH3

-NH>U Lo

KH3-CI NH3-NO,
V NH3-C1 [NH3-N03

Jdrgensent suggests that these salts may contain hydrc

place of oxygen There is at present no method of deciding

the question, and I have adopted the view which seems to me

the most probable. Kiinzel's hyposulphate above ment.oned

may be regarded as belonging to this series, and as having the

structural formula

:

OT
3

3

>s2
o 6

t de Physique, pd_tomej^. P. 257^ ^^^
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but, according to Geuther, the formula given by Kiinzel must

be tripled, and the salt then belongs to the dodekamin or luteo-

cobalt series. In the absence of direct proof of the existence

of luteocobalt in this salt, Kiinzel's formula appears the more

probable of the two. The compounds above mentioned, with

those which I have myself described, form the only known
members of the octamin group, a further study of which will

doubtless yield an ample return.

6. Action of amnionic nitrite on salts of cobalt.—To obtain a

clear view of the nature and mode of formation of the salts of

xanthocobalt, I have carefully studied the relations of ammonic
nitrite to salts of cobalt under different conditions. This sub-

ject has already been examined by Erdmann, and in my
laboratory by Sadtler. Erdmann found that when a neutral

solution of cobaltic chloride is mixed with a neutral solution

of ammonic nitrite no turbidity ensues, but after spontaneous

evaporation in the air a salt crystallizes, with the formula, as

Erdmann writes it (old style)

:

Co 3<V2NH 3 , 3N0 3
+NH

40, N0 3 .

somorphous with the corres

the crystals belonging to the rhombic i

not explain the reaction which takes place in the formation of

this or the corresponding potassium salt, and regards the

compounds in question as double salts. When slightly acid

solutions were employed, Erdmann obtained, in addition to the

above mentioned salt, an ammonic salt corresponding to Fis-

cher's salt, Co2(N02 )12
(NH4)fi

+30H2, as we should now write it

The existence of this salt was first remarked by Genth and

myself.* Sadtler studied the action of ammonic nitrite on

acid >olutions. of cobaltic chloride, and obtained two salts hav-

ing respectively the formulas:

Co2 (NO 2 ) 10 (NH4 ) 4
+2OH'2

Co2 (N02 ) 12 (NH 4 ) 6
+20H

3 ,

but did not observe the formation of Erdmann's ammonium salt

In repeating these experiments I always obtained Erdmann s

ammonium "salt, Co2(NH3)4
(N02)8

(NH4)2, in largest quantity.

The crystals are uncommonly beautiful and well defined. Of

these crystals

0*3390 gr. gave 0-1783 gr. SO 4
Co=20*02 per cent.

The formula requires 20*00 per cent. In one experiment, m
v.-

1 •';! i a little free acetic acid was present, I obtained large dark

sherry-wine colored prismatic crystals, which after solution and

ivcrvst'illization gave only very thin lozenge-shaped tabular



W. Gibbs on the Hexatomic compounds of Cobalt. 191

crystals, the form and appearance of which are highly character-

istic. These crystals gave no reactions with salts of luteo-

cobalt, purpureocobalt and roseocobalt, and none with potassic

chromate and dichromate, amnionic oxalate or argentic nitrate.

The absence of the first mentioned reactions shows that they

do not contain Co2(NH3)4(N02) 8 or Co2(N02)12,
while the fact

that they give no reactions with alkaline chromates and oxalates

shows that they do not contain any known cobaltamin. Of

these crystals

0-1554 gr. gave 0-0974 gr. S0 4Co=23'86 per cent cobalt.

0-3081 gr. gave 0-0635 gr. NH 3
=20-61 per cent ammonia.

The formula Co2(NH3)6
(N02)6

requires

Cobalt, 23-79 23 "86

Ammonia, 20-56 20-61

as formed by the action of ammonia nwl potassic nitrite upon

cobaltic chloride, unfortunately with but very scanty details.

I attribute to this salt the formula

NH3
-NO,

[NH 3
-N0 2

and consider it to be the nitrous representative of the hexamin

Coa(NH8V I have not succeeded in obtaining from it other

members of the same series ;
but it is, to say the

1

least probable

that the dichrocobalt-chloride of Fr. Rose* Co2(]Nfi s 601«)+
20H2, represents the corresponding chloride Kunzelf has

described a sulphite to which he attributes the formula

Co2(NH 3 ) 6
(S0 3 ) 3

+OH
2 ,

D __ Seutherf this

salt belonging to the dodekamii
formula

Co
2
(NH

3 ) l2 (S0 3 ) 6
+Co2

(S03)6+20H2 .

Erdmann's hexamin salt is of special interest because as I

shall show, it forms the first term in a remarkable senes of

metameric bodies; its formation under the circumstances may

with great probability be expressed by the equation

:

2CoCl2+i0NH4 .NO2-h3O=Co2
(NH 3 ) 6

(NO2 ) 6
4-4NH 4

Cl+
30H 2 ,

Kobalt-Verbindungen. Heidelberg.

1 Ann. de Pharmacie, 128, p. 127.



192 W. Gibbs on the Hexalomic compounds of Cobalt

as the salt is not formed immediately, but only after absorption

of oxygen from the air. The formation of Erdmann's ammo-
nium"salt may in like manner be represented by the equation

:

2CoCl2+8NH4 .N02+20=Co 2(NH 3 ) 4(N0 2 ) 8
+4NH4Cl+

20H 2 ,

the presence of oxygen being necessary in this case also.

In another experiment I obtained no hexamin nitrite, but

only Erdmann's ammonium salt and the two salts described by

Sadtler, and to which he gave respectively the formulas

:

Coa (NO 2 ) 10(NH 4 ) 4+2OH 8

Co2 (N0 2 ) ls(NH 4 ) 6
+20H

2 .

These last salts were found in considerable quantity mixed

together as a yellow sparingly soluble crystalline powder, when

a strong solution of ammonic nitrite was poured upon finely

pulverized cobaltic chloride, and acetic acid was added in

small excess. I consider the formation of these two salts to be

represented bv the equations

:

2CoCl2+10NH4 .NO,+3O=Co,(NO,), 1)
(NII

l
),+6NH

:i-f3OH 2

2CoCl J+12NH4.NO,+30=Cos(N08) IJ(NH4)4
+8N-H,+30HJ.

Professor Sadtler has shown that in these cases also an absorp-

tion of oxygen from the air takes place. When a solution of

ammonic nitrite is added to a strong alcoholic solution of cobaltic

chloride, Erdmann's ammonium salt, Co2(NH3)4
(N02)8

(NH4) 2,
is

chiefly formed, and only a small quantity of the four and six-atom

salts. The compound formed crystallizes from the alcoholic

solution in very beautiful and well denned prismatic forms.

From the above it will be seen that at least four distinct

impounds are formed by the action of ammonic nitrite i

,

solutions of cobaltic chloride in presence of a weak acid and

of the oxygen of the air. It is at least probable that all four

formed at the same time, though in varying proportions.

I have already shown thru, in th<' presence off

of ammonic nitrate, cobaltic chloride and ammonic nitrite yield

the nitrate of the octarnin series. Of the action of ammonic

nitrite upon cobaltic salts in the presence of free ammonia, 1

shall speak in treating of the formation of the salts of xantho-

7. I have stated above that Erdmann obtained the hexamin

nitrite, Co2(NH3)6
(N02 )6, by the joint action of potassic nitrite

and ammonia upon cobaltic chloride. On repeating his experi-

ments. 1 found tlmt small quantities of this salt were formed,

but that the chief products of the action were salts of xantho-

ccbalt, the formation of which Erdmann does not appear to

have noticed. Small quantities of salts of the octarnin series

are also formed. The filtered solution obtained in this reaction
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0-6145 gr. gave 0'7393 gr. CrO 4
Ba=51-40 per cent Cr

3 7 .

0-7712 gr. gave 0-9277 gr. CrO 4
Ba=51'40 per cent Cr2Ov

0-5615 gr. gave 96*5 c.c. nitrogen (moist) at 15° C. and 763m "ul=
20-12 per cent nitrogen.

0-5028 gr. gave 86 c.c. nitrogen (moist) at 15° C. and 76:3
m,

"-l =
20-05 per cent nitrogen.

The formula Co2(NH3) 10(NO2)2CrA requires 53 -22 per cent

Cr2 7 and 20 "67 per cent nitrogen, while the formula of the

octamin salt, Co2(NH3)8
(N02)4

Cr2 7, requires 32-91 per cent

Cr2 7 and 19*30 per cent nitrogen, so that the analyses leave

no reasonable doubt that the salt was a mixture of a salt of

xanthocobalt with a smaller proportion of the corresponding

salt of the octamin series.

The above results clearly show that the action of ammonic
nitrite upon salts of cobalt in presence of free acid is extremely

complex, not less than six classes of salts being formed, of

which two belong certainly to basic series, while three may be

regarded as salts of ammonium. The sixth, Co2
(NH3)6

(N02)6 ,
is

probably also one term in a hexamin series.

8. The ai »vered by Erdmann are of espe-

cial interest. They present the first and at present the only

known instance in which cobalt, by uniting with ammonia and

nitroxyl, N02 , forms an electro-negative or chlorous radical.

The compound Co2(NH3)4
(N02)8

may be regarded aa

combination with two atoms of a mon-atomic radical, exactly

as the compound Co2(NH3)s(N02)4
combines with two atoms ol

chlorine. The structural formulas may be written respectively

:

f N"H 3
-NO.

r NH.-XO. !
NH,-NO g

-XH„-C1
N<£>N--0-

1 NH a
-NH a -Cl ^

] N< >X_ _0K

{ NH3-NO2 NH
3
-N0 2

With these formulas we may advantageously compare those

»f chloride of 1 u •

.

i !

' lered as *nhy
Lrous, and of chloride of xanthocobalt

:

A*. Jock. Sci.—Third Series, Vol. VIII, No. 4o.~Sept., 1874.
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"n<°>n—o-ok
N<°>N-0-OK

N<°>N-.0-OK

N<q>N-0-OK

N<°>N-0-OK

N<°>N-0-OK

NH
3~MI 3 -C1

NH3-NH--CI
NH 3-NH_-C1
NH,-NH,-C1

NH 3— NH,~C1
NH

3-NH 3 -C1
NH

3
-NH

3
-C1

NH 3-NH 3 -C1
NH„-N0 2

The 1

rgr. gav '

vhich these compounds may be derived from
each other by replacement is sufficiently obvious, and is best

seen by assuming chloride of luteocobalt and Fischer's salt as

the two extreme terms of the series in which the other three

are intermediate.

Brdmann's analyses leave no reasonable doubt as to the con-

stitution of the ammonia-nitrites. I have thought it worth
while, however, to make a few additional analyses in support

of his view. In the potassium salt : .

gr. S0 4 Co and S04K2 -=75-54 per cent,

gr. " " =76*52 per cent.

. nitrogen at 6°-5 C. and 773mm -4=-z26-45 per

cent nitrogen.

The formula Co2(NH8)4 (N02)8K2 requires 76'58 per cent

2S04Co4-S04K2 and 26-58 per cent nitrogen. In the silver salt

:

0-3580 gr. gave 0-2902 gr. S0 4Co and S0 4Ag2 .

0'5937 gr. gave 0-1675 gr. silver=28'21 per cent.

The cobalt by difference amounts to 15 33 per cent. The for-

mula Co2(NH3)4
(N02)8Ag2 requires 28-05 per cent silver and

15 -32 per cent cobalt.

Tliallium salt.—When a solution of the potassium salt is added

to one of thallous nitrate, a beautiful sherry-wine-colored crys-

talline precipitate is thrown down, which on recrystallization

gives very well defined prismatic crystals, having a
|

the same form as the corresponding potassium and ammonium

Mtrmrous salt.—A solution of potassic ammonia-cobalt-nitrite

gives immediately in solutions of mercurous nitrate a beautiful
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orange-colored crystalline precipitate, which may be dissolved

in boiling water, but not without partial decomposition. The
salt does not crystallize well from the solution. Of this Bait

:

0*7785 gr. gave 0'1775 gr. S0 4Co=8'68 per cent cobalt.

The formula Co^NHaUNo^Hg^ requires 8-71 per cent
sic salt give

of cobalt, nickel, barium and coppe:

,

plumbic acetata After standing, however, a lead salt separates

in fine acicular leafy crystals of a brown-orange color, soluble in

hot water, but with' partial decomposition. The same is true of

the silver salt, but sin: 11 quantities of

solved and recrystallized without change,

extremely well characterized; its moderate degree of solubility

and the facility with which it crystallizes in tabular lustrous

crystals have made it of great service in my investigations,

especially in distinguishing salts containing Ce^(NH3)4
(N02)8

from those which contain Co^NO^ Compounds of ammonia-

trite with barium, strontium, etc., are easily formed by
double decomposition, the metallic chlorides being digested with

a solution of the argentic salt. They are pale orange-yellow,

soluble salts, which I have not further examined. A solution

of the potassic salt gives beautiful crystalline precipe

-aitsot triousor- v with those of brucin

and strychnin. These are soluble in hot water without sensible

decomposition, and 'may be recrystallized. Salts of an

a »i ght veil .v
i

r. < ipit ite i it h potassic ammonia-cobalt-nitrite.

which is.' however, immediately decomposed, phenol bem- set

free. The potassic salt gives also - -nutans

with salts of croeeoc< •
eU '-

.

l

have already noticed the salt of croceocobalt, and will describe

the salts of "the other bases in due course.

Erdmann has not attempted to explain the formation of this

class of salts. He remarks that a yellow insoluble co

is formed at the same time with the potassic salt Co2(NH8)4

(NOa)8K2, which appears to be a mix m mnot be ob-

tained pure for analysis. I have :->'< »nd a«°
r. i ird it as e insisting mainly of Fischer's salt, Co^NO^E*
though as Erdmann states, it contains a small percentage of

. The formation 'of the salt Co^NHgUNO^Ka may
be expressed by the equation

2CoCl,+4NH4Cl+8KN0 2
+<>=i"'

L
(NB ,(NO,),Ka+

6KCl+2HCl+OHa ,

if we suppose oxygen to be absorbed from the air. In.conse-

quence, however, of the formation of free chlorhydne a*

is set free, and it is much more probable that this is reduced by

the nascent-hydrogen ; so that we have

NsOs
+2H=2NO+OH^
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The potassium salt is also formed, as I shall show, in various

other cases ; the similarity of some of its reactions to those of a

solution of Co2(N02)12
Na6 iu sodic nitrite for a long time misled

me ; but its relations to salts of silver, mercury and thallium
enable us to recognize its presence with absolute certainty.

The salt does not enter into combination with iodine.

XANTHOCOBALT.

9. Grenth and I have shown in our memoir that the salts of

•bait maybe formed either directly by the action of
1

-by thenitrous acid vapors upon salts of cobalt, or by the action of the

same acid upon salts of purpureocobaltand roseocobalt, in each

case in the presence of free ammonia. I propose now to give

the results of a more detailed study of the subject.

With respect to the constitution of this class of salts. 1 may
remark, in the first place, that Genth and I left it undecided
whether the salts in question contain NO or N02 ,

pointing out

the fact that the analyses do not decide in favor of either view,

and adopting the former provisionally. Braun first proved

conclusively that the salts of xanthocobalt contain N02,
and

this view has since been generally adopted. 1 have already

shown (§ 1) that when cobaltic chloride, CoCl2, is mixed with

ammonia and amnionic nitrite and nitrate, the solution absorbs

oxygen from the air, while the nitrate of the octamin series,

Co2(NH3)8
(N02)4

(N03) 2, is formed. I have not observed in this

reaction the formation of a salt of xanthocobalt. If present at

all, such salts must be in very small relative quantity. Genth

and I have shown, on the other hand, that when the red gases

resulting from the action of nitric acid upon starch, Bawdost

or arsenous oxide are passed into solutions of cobaltic salts in

presence of an excess of ammonia, salts of xanthocobalt are

formed in a very short time, and in large quantity.

If we consider the red gas to consist of hyponitric oxide,

N2 4, we may have

2Co(NO 3 ) 2
+10NH

3
+N 2O 4

=Co
2
(NH3) 10 (NO 2 ) 2

(NO
3 ) 4 .

and nitrate of xanthocobalt by this

been able to detect only

salts of this base among the products of the reaction. In one

case, however, in which I employed cobaltic sulphate and added

so large a quantity of ammonic sulphate that the solution gave

no precipitate with ammonia. \ obtained a verv large relative

quantity of Erdmann's salt Co2(NH 3)6
(N02)6. In other cases in

which cobaltic chloride was present I detected crystals of the

chloronitrate Co2(NH3)10
(NO2)2(NO3)2

Cl2. The solutions after

"Vta

ammonia-cobalt-n

as well

of the red gases also contain small quantities of the

Co2(NH3)4(N02)s
(NH4)2,
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On the other hand, however, I have already shown (8 8) that

salts of this radical are formed in large quantity, together with

a smaller proportion of the octamin nitrate, by the action of a

mixture of potassic nitrite and ammonia upon cohaltie nil rate

in presence of air; but that xanthocobalt is exclusively formed

by the action of the same mixture upon a solution o! amnionic

and cobaltie sulphates. I am unable to offer any plausible ex-

planation for the difference of the products in the two easts.

When cobaltie nitrate, amnionic nitrite and ammonia are

mixed and placed in a tightly-corked bottle, no action whatever

appears to take place, even after the mixture has stood some

days. But if plumbic hyperoxide, Pb02 , is added, the mixture

soon becomes yellow, and after a few hours large crystals oi

nitrate of xanthocobalt are formed with distinct reduction of

the plumbic hyperoxide. The reaction in this case may be

represented by the equation

:

2Co(NOs ) s
+loNH,+2NO,.NH4+PbO i

=Co i
(XH

!l) w(NO i),

(N03)4
+FbO+(NH4),0.

Potassic hypermanganate may also be employed as an

agent, but is less convenient The expe]

appears to me to render it most probable that in the action oi

the red gases upon salts ,.i" cobalt in
]

-

resulting salt- of xanthocobalt are not formed b

union of the cobaltie salt with ammonia and nitroxyl, but that

ammonic nitrite is first formed, and that the oxygen necessary

for the completion of the reaction is derived from the decom-

position of some element of the complex mixture of JNO,

N0a, N2 3 and N03H, which make up the red vapors.

The formation of salts of xanthocobalt b

red gas upon salts of purpurea
presence of free ammonia is e

simple cases of double decomposition, a particular tmtam- o,

which, covering in substance the whole ground, may be ex-

pressed by the equation

:

Co,(NH,) 10 (NO,) 6
+2NH4

.NO
a

,=Co
i
(NH 8 ) I0

(XO
J,) f

(X0 3 ) 4 + 2X0 3
.XH 4 .

Salts of xanthocobalt are always formed when salts of pur-

pureocobalt and roseocobalt are heated or even digested in the

cold with alkaline nitrites, I have made a special study of the

action of
|

nites upon chlonde of purpureo-

cobalt, the details of which are as follows:

10. Action of sodk and potassic nitrites upon ch'or,

pureocobalt.-A quantity of chloride of purpureoco

decomposition, and added to a hot solution of potassi

in excess. The dark brown-red solution was evaporated at a



198 W. Gibbs on the Hexatomic compounds of Cobalt.

gentle heat to half its volume. On cooling, a small quantity of

Fischer's salt Co2(N02)12
K6+20H2 separated ;

afterward sherry-

wine colored prismatic crystals were formed in abundance.

After recrystallization these were analyzed.

0-2824 gr. gave 0-1519 gr. CoSO 4
=20-47 per cent cobalt.

0-5557 gr. gave 0*2092 gr. silver=12-37 percent chlorine.

The same experiment was made with sodic nitrite, and with

similar results. After two recrystallizations the salt formed

was analyzed.

0-4163 gr. gave 0-2235 gr. CoSO 4
=20'43 per cent cobalt.

0-2332 gr. gave 0-0876 gr. silver=12-38 per cent chlorine.

0*662fi gr. gave 192-12 c.c. nitrogen (moist) at 14° C. and 764mm *l

Co2(NH 3 ) ,
(NO 2 ) 2(NO 3 ) 2

Cl
2 ,

which requires

Cobalt 20-52 20-47 20'43

Chlorine 12-34 12-37 12-38

Hydrogen 5-26 5"24 5'37

Nitrogen 34-09 34-29

and which is fully sustained by other considerations, as I shall

show. As the solutions of the alkaline nitrites employed also

contained nitrates, the formation of the new salt may be repre-

sented by the equation

:

Co2 (NH,) loCl6-4-2KNO2+2KNO3=4KCl+Co2 (NH 3 ) 10

(N0 2 ) 2(N0 3 ) 2 C1 2 .

The salt itself is then a nitroso-chloro-nitrate, and belongs prob-

ably to the tf-dekamin or purpureocobalt series; but it may

be more conveniently regarded as the chloro-nitrate of xantho-

cobalt. It has the wine color of the salts of the so-called x-mtho-

cobalt series, but crystallizes usually in prismatic forms, which

are moderately soluble in hot water, and separate re*

the solution. With neutral potassic chromate the salt gives

the beautiful yellow crystalline chromate of xanthocobalt

:

Co a(NH a ) ,
(NO 2 ) 2(CrOJ 2+2OH 3 .

With potassic ferrocyanide it gives the characteristic red pris-

matic crystals of

Co 2(NH 3 ) 10(NO 2 ) 2FeCy6 +6OH 2 ,

and with ammonic oxalate, oxalate of xanthocobalt,

Co 2
(NH

3 ) 10 (NO2 ) 8
(C 2O 4 ) 85
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the reactions being too obvious to require explanation by equa-

As it is difficult to prevent the action of the alkaline nitrites

upon chloride of purpureocobalt from going too far and deconi-

beautiful prismatic forms. In this case we have

Co,(NH
3 ) 10 (NO s ) g

Cl4+ Co
g
(NH,) l0(NO J ) 2

(NO,) 4
=2Co2

(NH
3 ) 10 (NO 8 ) 2(NO 3 ) a Cla .

Of the crystals so formed

0-6203 gr. gave 0-3310 gr. CoSO4
=20"31 per ceut cobalt.

0-9268 gr. gave 0-3450 gr. silvers 1224 per cent chlorine.

The formula requires 20"51 per cent cobalt and 12-34 per cent

chlorine. A portion of the crystallized salt was dissolved and

precipitated by argentic nitrate. The nitrate from AgCl gave

on evaporation crystals of nitrate of xanthocobalt, m which

0-2972 gr. gave 0-1469 gr. CoS04
=18'81 per cent cobalt.

The formula of the nitrate requires 18-73 per cent. These re-

sults leave no doubt as to the constitution and true relations of

the chloro-nitrate.

Gold salt.—When the chloro-nitrate is dissolved and a (solu-

tion of aurochloride of sodium, AuCLNa, is added

long prismatic wine-yellow crystals are formed. Ol these

crystals

0-4084'gr. gave 01770 gr. Au+Co=43'34 per cent and by dif-

ference 9-98 per cent cobalt.

This formula, Co2(NH3UN02)2
(N08)2Cl2

4-2AuCl3, requires

Cobalt 9-98 9-98

Gold 33-33 33.36

Chlorine 24-03 24-16

The salt is readily decomposed by boiling with reduction of

metallic gold. . . .. x a**
tm sofc-Platinic chloride in solution piecip

chloro-nitrate almost immediately in the form ol vni

needles. After recrystallization this salt was analyzed witn

the following results

:
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)-6405 gr. fused with potassio-sodic carbonate gave 0-5564 gr.

silver=28-55 per cent chlorine, 0-1980 gr. platinum=31-00 per
cent, and 0-0597 gr. cobalt=9'33 per cent.

i then dissolved

by long boiling with nitric acid.

This formula, Co2(NH3)10(NO2)2(NO3)2Cl2 4 2PtCl4, requires

Cobalt 9-40 9-33"

Platinum 31-55 31-00

Chlorine 2 8 '2 8 28-55

The salt had no water on heating to 140° C.

Art. XIX.—On the

Stromboli stands unique (omitting the as yet imperfectly

known Masaya in Central America), amongst the volcanoes of

our globe as characterized by I rrence of its

outbursts, which have continued with but little alteration for

more than 2000 years. The phenomena of Stromboli have
been more or less accurst* l\ o ». ,T n| by several authors, from
Spallanzani and Hoffman to Scrope and Daubenay. The last

but one of these has proposed an explanation of the phenomena
presented by the recurrent outbursts at short intervals of time,

which within rather narrow limits are constant, and in the tradi-

tional convictions are supposed to have some connection with

the state of the weather or of the barometer. This author j
tointfl

out that thea i wholly to account for the long

continued rhythmical action of this volcano, and for any pre-

connection with the weather.

The writer, in company with Colonel Henry Yule, B.B.

(well-known for his embassy in Siam, as editor of Marco Polo's

Travels, and for other important labors), examined Stromholi

and other islands of the Lipari group in 1864, and describes

nomena of .red by the volcano.

He then briefly refers to the history of observation as respects

the geysers of Iceland ; to some of the circumstances, as to

those experimentally ascertained by Henderson, and to the



R. Mallet—Mechanism of Stromboli. • 201

able explanation of their rhythmical action given by Bunsen
and Des Cloizeaux. He then points out that Stromboli presents

the rhythmic recurrence of outburst of a p'vsrr combined with

tlic eruptive action of a volcano of small energy, ami suggests.

aided by a diagram, the very simple mechanism by wliieh this

combination is produced at Stromboli; and, comparing the

action of such mechanism with the actual phenomena presented

by the volcano, shows that thev tallv with each other minutely.

The crater of Stromboli consists of a deep cavity, at bottom of

which is a tundish-shaped funnel, formed chiefly of the loose

material which after each outburst tails hack into the crater.

More or less liquid lava finds its way by a lateral duct into the

bottom of this funnel of loose material, which it partially

solders together in the period between successive outbursts.

Below this mass of loose material, and penetratine to a depth

considerable below the sea level, which is about 400 feet below

the bottom of the crater, is the tube which in all ordinary vol

together the mixed steam and liquid lava

through it and the crater. In this instance

the tube is supplied with water percolated from the I

upted through it and the

is supplied with water percola

1 by the high temperature of the ducts through

it passes by the heated walls of the tube, and by jets ot super-

-tea'm driven into its lower extremity bv duets, whieu,

like thos, that conduct the lava to the bottom o. the crater

above, are derived fro: "hannels much more

centraih -
. and belong to the great craters

by which the island itself was formed. The tube with its

wates and steam d lets th is
j

tuuctions

sts and quiescence that belong to the gevser,

and the ascending column of water in the tube, when the bod-

ing point, due to statical depth, superincumbent tension, and

obstructions at the bottom of the crater, has been reacned tor

all parts of its height, is driven forth, throwing the loose material

mingled with liquid, lava out of the crater before it in a cloud

of stones, dust, shreds of semi- '- and
PfF"

haps pulverized water. The main mass of the solid i

back int. . u expelled by the next outburst.

Several facts and orroborate

this as being the true mechanism of this sit ig

and several inaccuracies of description < »f

more especially the statement that the bottom of the

about 2000 feet above the level of the sea, are corrected—the

authors levels being derived from approximate bai

measurements The author then refers to the old

in the way of cause and effect

between the phenomena of the volcano and those of weather

etc. He points out that the explanation previously given ot
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the supposed mechanism of Stromboli fail as completely to

account for any such connection as they do to explain the

tal action of the volcano itself. The only distinct

relations that can be gathered from the inhabitants of the

Lipari group, between the appearances presented by Stromboli

with different states of weather, wind or atmospheric pressure,

are shown to be not those of direct cause and effect, but to be

referable to acknowledged meteorological principles.

Aet. XX.

—

Brief Contributions from the Physical Laboratory

of Harvard College. No. XL

—

Increase of Magnetism in a bar

of soft iron upon the reversal of the magnetizing current; by

William A. Burnham.

In testing the intensity of the magnetism induced in a bar of

soft iron which forms the armature common to two electro-

magnets, according to the method described by Mr. Sears in

the July number of this Journal for the present year, the gal-

>meter indicates an increase in intensity of the magnetic

! of the bar on the first passage of the current through the

lices, after a reversal of the poles of the battery.

This increase disappears upon subsequent magnetizations of

the bar. V a were taken by placing the in-

duction coil C (see paper by Mr. Sears in the July number of

tliis Jour .

- tnces on the bar which was mag-

netized. A bar of soft iron was experimented with in the first

instance, the coil C being at a distance of five centimeters from

lie or zero point. A Thomson's reflecting galvanome-

ter was used and the readings were taken when the cii

made and also when it was broken. The following table shows

the results with C at various distances upon the bar.

U W DU l» m°" "" ~ ~
.

t will be seen by this table, that when the coil C stands at

istance of five centimeters from the zero point on the arma-

e upon making the circuit, the galvanometer needle swings
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to the left 40°, and upon breaking the circuit it is deflected

40° to the right. The signs in our table denote this change
of direction. When the poles are reversed and the circuit

made, it swings 90° to the right, and when broken 50° to the

left, returning to the constant deflection of 40° upon the second

and each succeeding passage of the magnetizing current while

coil stands at 6, 7, 8, etc., the first swings of the galvanometer

needle are respectively 50 to 50, 60 to 60. etc., increasing in

regular proportion upon each reversal of the poles and return-

ing upon each second and succeeding passages of the current

to constant deflections. The following are the results when a

bar of steel was substituted for the soft iron.

rand breaking, + !-

In the case of steel, when the coil C stands at a distance of

five centimeters from zero, the galvanometer needle swings

from +20° to -20°. Upon reversing the poles it is deflected

+40° and -25°, and returns to 20° upon the second _
of the magnetizing current. By comparing Tables I. and II. it

will be seen that the increase of magnetization after a reversal

of the poles is not so great in iron as in steel, owing doubtless

to permanent magnetism in the steel.

No. XIL—On the Effect of Longitudinal Vibrations upon Electro-

magnets; by E. L. Carney.

If a bar of iron or steel which is rendered magnetic by a

magnetizing spiral receives a sharp blow or shock an induced

current is generated in a coil of fine wire, which is slipped upon

the bar and is connected with a galvanometer. This current

in direction to that of the m

tismus des /. *, Fogg. Ann cxxxvii, l»b9, pp.

569-591.) This investigation was. undertaken to ascertain the
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effect of the excursion to and fro of the particles of the iron in
tl1 " - r «'' ,,t long-itudinal vibration. A fine coil, which we shall
trr '" (

'
«'"> cupped upon the bars which were experimented

upon and connected with a reflecting galvanometer. The rods
—130 cm. in length and 1 cm. in diameter—were firmly
Clam] 1 at their middle points. In the experiments which are
comprehended in Tables I. and II. the magnetizing coil was
placed at right angles to the rod or bar. In the exi
given in the Tables III. and IV. the rod formed the core of the
magnetizing helix. We shall term the currents which were
excited in the fine wire coil C, which was connected with the
galvanometer, on the making of the magnetizing circuit,
secondary currents

; and the currents which were excited in
the same coil by longitudinal vibrations, tertiary currents.

lable I.—The magnetizing circuit was made and broken in-
stantly. On exciting longitudinal vibrations, it was found that
a tertiary current resulted which was opposite in direction to
the secondary current due to making the magnetizing circuit,

ponded in direction to that of the secondary current
ii'om breaking the magnetizing or primary circuit.

With steel the results obtained were constant, while with iron
they were variable. It was found impossible to excite more
than one tertiary current.

I have called the current made by depressing the key on the
magnetizing circuit positive throughout these experiments.
On the iron rod the magnetizing helix was forty ce '

from the center ; on the steel rod only fifteen.

Table I.

Steel rod.

Table II—In this case the kev was depressed and kept so,
wnile both secondary and tertiary currents were obtained. In
some cases there was more than one tertiary current, which

to the feebleness of the first vibration, as the
numbe- of deflections so obtained was more noticeable when.

the case. However, this could not have been the
for more than one tertiary current appeared when

tne vibration was all that could have been wished for. In the
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case of the iron rod it will be noticed that the tertiary vil (ra-

tions are greater than the secondary, while the reverse is true

with the steel rod.

The current was then broken and the amount of deflection

noticed; and afterward a tertiary current obtained in the

usual way. The latter currents were opposite in direction to

those previously described. As there is but one instance of

more than one tertiary being obtained, it was probably due to

the feebleness of the first vibration.

,vere in the

60-10-10
50-5-10-5
40-15

Steel rod.

5-3

Table III—Here the magnetizing coil was placed on the

rods instead of at right angles to them, as in 1

otherwise the experiment was performed as described m iaDie

The only noticeable difference was the increased strength of

the deflections, and the entire absence of more than one ter-

tiary current In the case of the iron rod, when the current

was broken the tertiary current was greater than the -

while in Table II. the tertiary current was greater when the

current was made. ,

On the iron rod the magnetizing helix was distant forty cen-

timeters from the center ; on the steel rod twenty-two.
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Table IV.—In all the previous cases the circuit was made
while the rod was not vibrating.

Now the rod was first set in vibration, and the magnetizing
as made while it was vibrating, and the deflection

noticed
; when the rod came to rest, a tertiary current was ex-

cited by setting it again in vibration.
Here again more than one tertiary current was obtained,

which could not have been due to the feebleness of the first

vibration.

It will be noticed that the deflections obtained by the tertiary

- are opposite in direction to those obtained by the

ones, as was also the case in Table I.

On the iron rod the magnetizing helix was distant forty cen-
timeters from the center ; on the steel one fifteen.

' rod.

Current made whi

_

All the previous experiments were repeated with the rods at

. bat no noticeable difference in
results was obtained. The conclusions are as follows

:
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1. When the primary magnetizing circuit was made and in-

stantly broken, a tertiary current was excited by the vibrations

which was less in amount and opposite in direction to the

secondary current arising from the magnetism of the bar.

2. When the primary magnetizing circuit was made perma-

nently, or in other words, while the bar was a permanent elec-

tro-magnet, the tertiary currents were in the same direction as

the secondary ; and in'the case of soft iron uniformly greater.

3. When the rod formed the core of the magnetizing heb\

the tertiary currents were in the same direction as the second-

ary currents
; and when the magnetizing circuit was broken

they were, in the case of soft iron, greater than the secondary

currents.

4. When the magnetizing circuit was made while the rod

was in a state of vibration the tertiary currents were opposite

in direction to the primary, and in several instances more than

one was obtained at each trial.

of Electricity by

ation of small quanti-

.electricity by different kinds of flames.

These experiments were conducted with such small quanti-

ties of electricity as could be obtained by rubbing a vulcanite

plate six inches square with a catskin. The sensitiveness of

the electrometer to the electricity thus formed was very great

The experiments are given below.

Experiment l.-An alcohol lamp, carefully insulated, was

connected with the electrometer. The sections of th«

to which it was attached were then charged by means ol the

vulcanite plate, the opposite sections being at the same time in

connection with the earth. The lamp was then carefully

lighted. The spot of light, which had been deflected to the

edge of the scale by the charge, quickly returned to the zero

point, indicating a quick dissipation of the electricity by the

Exp. 2.—The same conditions as those in Exp. 1 were ob-

served, with the exception that a Bunsen burner v:

tuted for the alcohol lamp. The dissipation of elect!

the same as before, and took place, as near as could be observed,

at the same rate as before.

Exp. 3.-I then substituted for the Bunsen flame a very fine

jet of light, obtained by passing the gas through a finely

pointed glass tube. The results obtained from this experiment
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indicate that the rate of dissipation is in no respect related to
the size of the flame.

Exp. 4.—The end of the wire connected with the quadrant
was then placed so that when the gas was lighted the wire i oiirt
would be in the flame. The quadrant was then charged and
the gas turned on without being lighted. The spot of light
had no movement, and gave no sign of any loss of

current of air across the wire
point likewise had no effect in dissipating the charge.

Exp. o.—The end of the wire was then placed in the jet of
an atomizer, the same conditions being observed as in Exp. 1.

Ihe fine globules of steam and water issuing from the atomizer
had no effect in dissipating the electricity of the quadrant.

1 also performed two very striking experiments, which seemed
to have some bearing upon this subject. The instruments
used were the same as in the former experiments and the
manipulation was as follows:

-Experiment 1.— Carefully insulate a wire communicating
with the electrometer, and place its point within a few inches
of the flame of an insulated Bunsen burner. Let the spot of
light be at the zero point Electrifv the vulcanite plate with

an and hold it at an equal" distance from flame and
It is very difficult under these conditions to suffi-

ciently electrify the quadrant so as to produce any deflection
of the spot of light.

Exp. 2.—Place the wire point in the flame and then hold
the electrified vulcanite plate up to the flame as before. The
spot of light immediately is violently deflected, indicating the
presence of electricity in the quadrant. This change, however,
is soon dissipated by the flame, and the spot quickly returns to
the zero point.

H J

These last experiments seem to indicate that the flame has
a much greater attraction for the electricity of the va lean ite

plate than the copper point of the wire. Hence the difficulty
of charging the quadrant in the first experiment.

When, however, the wire is in direct communication with the
name, as m the second experiment, the flame and the quadrant
are at the same potent . of electricity in the
flame produces a corresponding deflection of the spot of light.

No. XIV.-

It is well known that in polarization batteries, of which
riantes battery is a type, a combination of the ions, resulting
trom electrolysis, takes place when the plates of the ba1
connected, and a current results which slowly diminishes in
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strength. In the case of condensers made with solid dielectrics

the same diminishing current is observed, and the following
experiments would seem to show that it might be due to an
electrolysis or decomposition of the material separating the
plates of tin-foil. The experiments consisted in placing con-
densers of various kinds in a circuit, through which a current,

was made to pass by two Bunsen's cells, and noting their

changes. The plates of the condensers were of tin-foil and had
an area of about fifteen square inches. The experiments were
as follows

:

(1.) The dielectric used was a sheet of dry glazed paper. The
condenser could not be charged so as to give a perceptible dis-

(2.) When a sheet of glazed paper, moistened with shellac,

was substituted for the dry paper, the discharge was sufficient

to send the light off the scale of the galvanometer, and con-

tinued for some minutes.

(3.) Dry goldbeaters' skin was used as a dielectric, and no
deflection could be obtained.

(4) The goldbeaters' skin, when moistened with shellac, gave
a slowly diminishing deflection.

(5.) The dielectric was made by flowing the surfaces of the

plates with a solution of wax and gasoline, and a slowly di-

minishing deflection was obtained.

(6.) The condenser used in (4) was tried again after the shel-

lac had dried and again gave a diminished deflection less than

the first deflection.

(7.) The condenser used in (5), when tried again after a day
or two, did not again give a deflection.

(8.) Unglazed paper dry and oiled gave no deflection.

(9.) Glazed paper oiled gave a very slight deflection, and the

tely returned to zero.

(10.) Glazed paper wet with water and covered «

gave the greatest deflection of all the dielectrics. The light

was sent completely off the scale and was only biongl

by shunting the galvanometer. The discharge also continued a

long time.

(11.) The conducting power of some of the various diehv-

trica was tested I
ch had been covered

withshelln. ' had been allowed

to stand for a week. Freshly oiled and dry oiled paper did

not conduct at all. Glazed paper covered with shellac gav.- a

deflection nearly off the scale. Glazed paper wet v

and covered with shellac transmitted a current sufficient to

send the light entirely off the scale.

What these experiments directly go to show are, firat, :

-

condensers s received a greater charge than

Am. Jouk. Sci.-Third Series, Vol. VIII, No. 45.-Sept., 1874.
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those made with dry, and second, that the better the dielectric

conducted, the greater the charge the condenser was capable of

receiving. From these facts it would seem that the slow dis-

charge of these condensers was very probably due to polariza-

tion. The best condensers, as shown by the experiments, pos-

sessed dielectrics which were moist and possessed coi -

conductivity. The dielectrics when dry scarcely conduct at

all. Their conduction when moist must therefore have been

mainly due to electrolysis, since liquids conduct electricity

only in very small quantities without being decomposed. The
electrolyte was therefore decomposed, and the re-combination

of the products of decomposition caused the return current

An exact analogy is thus determined between the case of the

lead plates and these condensers. Whether it is an analogy

lid hold in the case of all condensers which slowly dis-

charge themselves, is an interesting question.

SCIENTIFIC INTELLIGENCE.

L Physics.

1. Dielectricity of Insulators.—M. L. Boltzmann has presented

to the Vienna Academy of Sciences a paper on an experimental

determination of the constant of dieb i-tricit \ of insulating bodies,

solid bodies of

by tnei between its two plates. Siemens, and later

(ti1>m>h and Barkeley, have studied the phenomenon experimen-

tally, while Clausius, Maxwell and Helmholtz have sought for the

theoretical conditions. Representing by ^=7. and -p= the differ-

ential ratios of the potential on the inner and outer faces of the

insulator, along the normal, the quotient -===r : -y== will be the

m
D. Neglectn

cumulated at the borders c

ing n the distance of the two plates, <

trie layer, the capacity of the condenser will be inversely propor-

The measurement of the quantity of electricity was made by a

Thomson's electrometer. The condenser was .-Inured by a bat-

tery of 18 Daniell cells. The condenser was made of the form
proposed Dy j\ob
paraffine, sulphur and resin ; then as imperfect
glass and gutta-percha. The theoretical conclusions of Helmholti



charge ; both cases gave nearly equal capacities,

.from this we may conclude -that the dielectric polarization is

produced quite rapidly.

The author found as probable values of the constant of dielee-

tricity the numbers for sulphur, 3-86
; hardened caoutchouc, 3-15;

resin, 2 -5 5
;
paraffine, 2 '3 2.

Maxwell arrived at the conclusion that the square root of the

constant of dielectricity ought to equal the index of refraction.

Tie following table shows that this law holds true quite within

the limits of probable error:
,j/D. Index of refraction.

Sulphur, 1-960 2-060

Resin, 1-597 1'563

Paraffine, 1-523 1-536—1-516

Pogg. Annul, cli, 682 ; Bib. Univ., exeviii, 202. e. c. p.

2. FloiC nf S„i;„t S.,hit;.,i,s thfntigb i\ir ;il.-,;j Tvhe&.—IA. T.

Hcbenek finds that the velocity of flow of solutions m capi lary

tubes appears to depend solely on their weight and capilrary

adhesion. Thinking that besides the adhesion and weight, the

intermolecular friction must be an important factor in determin-

ing the velocity, he compared a number of solutions brought to

the same density, but having A composi-

tions. The liquid was introduced into a vert

tube 50 cms. in length and IT"' cms. in diameter. hawng a .-;,, n-

lary continuation about 60 cms. in length. The large tube pre-

sented two marks, and with a seconds-watch the time which was

required for the level of the liquid to fall from one of these marks

to the other, was accurately measured.
Operating in this W:

-

IV upon solutions of chloride, bromide and

iodide of potassium, chloride of sodium and ammonium, with a

:

that the velocity of flow of saline solutions is as much low, ir Ml
»<'-'mic weight of the salt dissolved is less. For the
' ;"»arv bodies above indicated,!, is the metal which has tic gn r-

oce upon the velocity of flow, much more than tnemet-

aiioid r '

"ne ^y
to another are as much more marked as the tube is more capillary

and as the. elation is greater.

On compi . <* eWondfi of sodium and of

ammonium. ; author arrived at the

ble result that the times of flow of these two salts are found to be

very sensibly proporti- f8
JF|

periment a
M to the

, be concluded generally,witt«
high degree of probability, that the velocities of flow of these
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bodies in solution in water, to a certain degree of <

are in the same ratio as their equivalents.

The explanation of these facts is, according to M. Hubener, to
be found in the circumstance that the molecules of substances
which have a higher equivalent are larger, but, on the other hand,
in less number, and consequently must give rise to less friction

with the solvent in which they are held, thus comim
greater mobility to the solution.—Bib. Univ., 197, 75; Phil.

Mag., xlviii, 77. e. c. p.

3. Change of Volume by Fusion.—Mr. R. Mallet presented
to the Royal Society, at a recent meeting, a paper on the alleged
expansion in volume of varum- siih-tamvs in passing from a state

of fusion to that of solidification. Since the time of Reaumur it

has been assumed that certain metals, including bismuth, cast-iron,

antimony, silver, copper and gold expand at or near tl

of solidification. Recently certain cast-iron slags have been
added to this number, but the following experiments seem to
show that except in the case of bismuth the evidence is insuf-

ficient, and that with iron and slag it is quite erroneous. A con-
ical vessel of wrought-iron about two feet in depth, 1*5 feet in

nd with an open neck six inches i

y, and a'

thus obtained. After being dried, it was now filled to the brim
with molten gray cast-iron, addition-; of molten metal being made
to maintain the vessel full until it had attained its maximum
temperature (yellow heat in daylight) and maximum capacity.
The vessel and its contents of cast-iron when cold were weighed
again, and thus the weight of the cast-iron obtained. From these
data the specific gravity of the molten metal i* ivadilv obtained
Miter iipplyimz the proper corrections. The final result for the
molten cast-iron was.found to be 6-650. The specific gravity of

the solid cast-iron was determined in the usual manner and found
to be 7-170, or greater than when in the molten state. This reeoll

was verified by heating two similar 10-inch shells (1-5 inches
thick) to the same high temperature and filling one with melted
iron. Its dimensions were then measured every 30 minutes dur-
ing cooling. The second shell was employed to measure the
permanent change of volume due to heatim/and cooling. After

npli

i was no difference in volume of the two shells and
that the solid ball was in perfect contact with the enclosing
sphere, showing that no change in volume of the contents of the
shell had taken place, which was further corroborated by the fact
that the central portion was much less dense than the exterior,

l place, which was further corroborated by the fact

al portion was much less dense than the exterior,
whereas if there was an expansion, the reverse would be the c

To account tor a solid floating on a liquid of a less specific
gravity than its own, the author assumes the existence of a force
which he calls the repellant force. The amount of this force de-
pends on the relation between the volume and the effective sur-
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face, or surface indented by the solid. It also

difference .1
;

i and lii|ui<I.

In the case of lead, solid pieces float on i

although the contraction on soiidiiying is here

known. In fact the solid at 7<)
s

lias a specific <_

while when melted its specific gravity is only 11

II. Geology and Natural History.

1. Beasonsfor
logical time in t

by the Author.
(1.) Arclman time.—The first era in geological hi>t >rv is nuh d.

in the old edition of the Manual, Azoh- time or a ire. The term

Azoie was always objectionable, because it affirmed^ what_was not

proved. The discovery of the supposed annual^ -

Eozoon, shortly after tl" " * - ~
proposed substitution of A'o>/V for Azoic

the suggestion with favor did imi consider ;ha: it tne so-cad.-d

1 an Iv z< ic era, it inclu 1 d a true Vz >ic ab -. an em

of rocks and seas without life; for while the rocks and

globe were above the temperature of boilimr water. :

era could hardlv have In-un. The assumption that all those early

rocks were Eozoic has nothing to favor it,

A general term for the whole era, free from hypothec, was

therefore needed Muivhison's term. IiuU < r<> >;.
was n.-t^aiis

factory. Arc'nt <i„, signify inir -imp!) '''
• J

J

fore used. Under Archasan time, there are

Kozoie ao-es. although their limits have not yeT been

in the rocks of the world, and probably my
rocks are m.« ryi •

. J~?
exceptions, it cannot be learned whether life existed during ttieir

formation or not ... iy

- d: '
^

: \ '• .:•";"
. ^

''• ' - ' " .--.' '

,

dial, (2) the Trenton and (3) the Hudson periods of the old edi-

T2.) Primordial or Cambrian Pm^-Thfe period
f

in the aew

book has unchanged limits, except in the r

erous sand-rock, the uppermost portion, whose
1" h.-. ucl ,. <>. ' _.. .1 Hep r^ of ( .-,..; in more^any
related to those of tie

Lower b
l
il

f
ia

I'
. \{Z

-•.
: r..t* I • „ ,- dropped because the Potsdam sandst

racteristic part of the formation. The tern (

W added, because the period is identical e^^^T1^„!JI f̂l

brian of the British geologists. The tnlobites and other species
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found within a few years in the Cambrian rocks of Brita
then supposed to be almost destitute of organic re""*1"-—

pedes, and bo they were declared in the
of the facts by the discoverer. Lyell, in his Student's Elements
of Geology (1871), makes the Cambrian extend to the Tti ma 1

••

slates, above the Lingula flags (or the equivalent of the Potsdam
sandstone) ; and he states that all, from the Lingula flags to the
Menevian of the Lower Cambrian inclusive, are "embraced in the
Primordial of Barrande. Geikie, in his edition of Jukes's (Geol-

ogy, draws the upper line below the Lingula flags, but says these
flags "pass down conformably into the top of the Cambrian -cries,

and are indeed closely linked with that series, th si _ phi

l«'ontologieally. v Moreover, he adds, quoting Kamsay,
the fossils of the Lingula'tiag- diflbr to a gr-at e\t» i*

I rom those of the overlying groups."
The fossils of the supposed Iluronian of Newfoundland, described

by Billings, are referred in the work (p. 176) to the Primordial,
because of the position and the occurrence of

known age. The original iiu
contains no fossils to mark off the e

Silurian; and nearly all other regions or rocks called iluronian
have been so pronounced on lithological evidence: which is no
evidence at all, since the kinds of the iluronian are not confined
to it.

(3.) Canadian Period.—The fact of the existence of an impor-
tant Lower Silurian formation in Canada, near Queb.
in fossils, and of about the age of the' Calciferous sand-rock and
the Chazy limestone, is mentioned, in the first edition of this

work, as one of the discoveries of the Canadian Geological Survey,
under Sir William Logan. The Reports of the Survey point out
the close relati ms in ib-sils of the < alciferous sand-rock, Quebec

I Chazy, and their rather wide separation from the over-
lying Trenton limestone, showing that th« \ represent, naturally, a
distinct period in the Lower Silurian era. This is railed the Cana-
dian, because the rocks are well displayed in Canada, and there
the most important part of the facts respecting it were first

brought to light.

(4.) Trenton Period,—The Trenton limestone and the Cincin-
nati (or Hudson River) group are closely alike in fossils, and the
relation which exists between them (one dependent on physical
eh eg, s) is best indicated by making »h t co n pn sent subdivi-
sions of one period; the differences being not equal to those dis-

. j.eriods. The Il.>ds„„ Hirer iimup of the old edition
of the Geology, was so named from the slates along the Ihubon
River. But when Logan gave his strong reasons for regarding

as of the age of his Quebec group, most American
lam. II Is ,] Pi i. is ipplied

Ifl overlying the Trenton limestone, should be changed.
The change has been made to " Cincinnati '" group in

reports on the surveys of State- west f New York, and
this term was accordingly adopted in the Geology.
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'uritiN, Oriskany Period.—The 1

, closes with the Lower Helderberg formation, in

accordance witn the early suggestion of De Verneuil. It has
always "been doubted whether this places the top of the American
Upper Silurian high enough in the series to correspond with the
foreign ; because so many I'pper Silurian < -orals and other species
of Britain occur higher up, that is, in the American Lower I)evo-

. iiioi\i.\er. remains of tern -trial plants exist in the
' n of Britain and Europe, but none had been found

in North America. Professor Hall, in the third volume of his

Paleontology (1859), presents reasons for trau.-ierrinu' the Oriskany
.period from the Devonian to the Upper Silurian. He says, of
tl»c>e Oriskany sandstones, that -'although usually very distinct

from the limestones below, there are nevertheless localities where
a passage occurs between the two rocks: and in such instances,

some of the fossils, usual! v restricted to the lower beds [Lower
my beds]. Instances of

this ki-d occur in Maryland; and from the collections of the Can-
ada Survey, by Sir William Logan, we are prepared to find in

- of the Continent an ii - forma-

tions." During the preparation of the new edition of the Manual,
I received word from Professor Hall th t ! < *till a Ihered to these

views; and I accordingly made the change. Dr. Dawson has,

within a few years, found fossil land-plants in beds at Gaspe, on
the Gulf of St. Lawreu oy fossils ; and now the

«ni bjm ies of this kind are from the Upper Silurian in

America, as well as in Great Britain.

(6.) Devon!" tl A>;,, f ;,/./.;// 1\,-),.,1—In the Appendix to the
• recent observations

made by E. Jewett and J. M. Way, in Delaware County, New
York, tend to nrove that the rocks of the so-called Catskill groupYork, tend to prove that the rocks of the

' ibly

Oft] of Science
probably all Chemung. A note on this subject .

\v K. -feuy

> further facts on liave been

published.' Moreover, while the new edition of the Geology was
115 pr.-j u-ati .n. I received 1 ttc - tr. i i'l >t *> i ' ones Hall, of

1 from .!. Peter L< dt v. of Philadelphia i w 1 o was with

Professor Rogers in the geological survey of Pennsylvania, ami >
now at the head of the new survey of the State), protesting

strongly against the con. '

si i Mr. Jew. t had i unced. I or
r

. th, l.-u-ts ,.!,., ,\ed ; .y Jcwttt aad Y\ ay u ere inadver-

tently omitted.
"

.

.

for other n i

need, are so fully given

faary, is in general use among European geologists. Moreover,
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the geological work of the era was so widely different in its most

prominent features from that of the Tertiary and precedi

that an independent term, implying no special relation to the Ter-

tiary, was desirable ; and such is Quaternary.
2. The Winged Fruits of the C<<rhn<t if'rous </< nus Curdiorav-

pus.—The ijen.'i- ' ;.r ',!-> n /.. ^ u ,,, pi., >.ii'.,\ < 'a t .1 to the modern
Conifers of the Welwitschia type, as shown by the similarity of

the fruit and also by the close relation of the leaves, if those

( ill .1 Cordaites Uii.'u n> 1> tli Geinitz and Newberry have in-

dependently remarked, to Cardiocarpus. The Welwitschia is an

embryonic form of Conifer, it producing no leaves except the

cotyledonous ; but, while ).!•. aUy nniik. '
'< >/*./• iit,s in il> i-nil-ry-

features, it shows what leaves and fruit are consistent with

3. Ooc
i. —Dana's Manual of G*

Coal of the Carboniferous era not made of bark.—-The sug-

gestion has been made, in view of the many Sigillaria stumps
hollowed out by decav and flattened stems of other trees, found
in the Coal-measures,* filled with shale or sandstone, that the

vegetable debris from which the coal has proceeded was largely

bark, or material of that general nature. But the occurrence of

such stumps and stems outside of the ecal-h, <U, while proof that

the interior wood of the plants was loose in texture ami very

easily decayed, is no evidence that these trees contributed only

cortical portions to the beds of vegetable debris. Moreover, the

cortical part of Lepidodendrids (under which group the Sigillarids

are included by the best authorities) and of Ferns also, is made
of the bases of the fallen leaves, and is not like ordinary bark in

constitution; and Equiseta have nothing that even looks like

bark. This cortical part was the firmest part of the wood; and
for this reason it could continue to stand, after the interior i ad

•h • ived tU iy,— m out hai il\ po.-sihle in the case of a bark-

> onifer, however decomposable the wood might be.

Further, trunks of Conifers are often found in the later geological
formations, changed, th , completely to brown
coal or lignite.—Ibid., p. 362.

4. The ash of the better coals of the American Carboniferous
age often derived wholly from the plants.— The following are

analyses of the ash of Zycojyods (1, 2), /

(7,8), Conifer (9), a Moss of the j (10), and a

Chara (11).
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Analysis 1, is by ,
:;. A. Weinhold:

tfalaguti & Durocher; 7, 8, E. Wittig; 10, H. Vohl;

Since, according to the average composition of Lyeop-

dried |,lant affords 5 pounds of ash to 100 of tin* p!a

per cent of this are alumina and silica (27 alumina ami 13 silica),

these two ingredients make up 2 per cent of the plants. Ferns,

with the same amount of ash, afford, as the average, 27- per cent

of silica, with no alumina. Equiseta afford, on an average. :;0

per ivnt
i

: this mav be >iiiea. -

'
x

afforded one-haif the

of the whole weight when dried. This would make the

amount of i I
the bituminous coal made from

Bnch plant* fths of the material of the wood lost

in math
g

I on page • ••; •>. I !"

"

the whole amount of ash about 4\-> per cent. At the same tune,

the ratio of silica to alumina would be nearly 3 to 2

Now m
bave obtained not" over 3 per cent of ash, or

:

-

'

-

being for the coals of the northern half of

Ohio, 5-12, and for the southern half 4*72 per i

It hence follows that (1) the whole of the impurity in tne nest

coals may have been
ash in the plants was les^ than the- avera-e in model-

the same and waters for long pen

tributed almost no dust or detritus to the marshes; and (4) the

ash, or else the detritus, was great*
:,t tne

.

D<

f"
ders of the Interior marsh-region. In that era of moist climate



and universal forests, there was almost no chance for the winds to
gather dust or sand for transportation.— //,/</., pp. 365, 366.

5 Fossil plants of the Carboniferous age
the Alps.- 1 been urged of late years that the
gneissic, hor <;d other allied metamorphh- rooka
of New Kngland and the rest of the world are exclusively pre-

protogine (chloritic gneiss) of the
Alps had been made, by one geologist, pre-Silurian has been

pewter of the hypothesis as the best evidence
in its ti«vor: though if good truth, it really proves not!
reference to the age of the protogine of the rest of the world,

ffing announcement.
_

•j.
J
fot. Schimper. of Strasbm- in a paper read before the Botan-

lcal^Oongress QS to have discovered a fossil plant
1D

u-"ip
r0t0gine'" a T0C^ hitterto considered of igneous orb-in,

which occurs in the form of erratic blocks on t!,e >ide- of Mont
Blanc and m the plains of Piedmont. The specimen, whirl, uas

' ^"lenda,
: ,iid h preserved in the Museum of the

-ay, has been identified by !

'

r„f. Schimper as Annu-
'!»1:nit.

]
>erhaps*;l ,

i
, i atie, widely distributed

in the coal strata of Mont ! lt "
' *

6. The ,,,-. r * ,/
;
,.„,,s .1; ,/.,/„„,., „, ,///, .

;,/, ntical with

LSSUe Of the Cincin-
nati Journal of Science I observe that the editor, Mr. S. A. Miller,

a group of shells allied to Ambonychia of Hall. These shells con-

they are destitute of an anterior

s the shell

M l< .- type specimens show them to
va, .ueh as :/,,„/;„ p.,messes, with, at

blique fold or ridge, not properly
;-. to._-,r]

; , r v,;,!, , ,.,.^

„

miV depression, in one

broad f

outline and radi-

us for example in Jl ampla of Meek and Hayden, so

seems to be u
•

l ;ltter exceptatmg costas, unless he is right in stating that his Sllcll „
' adductor muscle, which, in view of the

t the shell, is very improbable, especial h >. lar -e an im-
«" a position as he has figured it. Compared

- materially in waafc-

threeelongated po,tenodat<.ral teeth.

:
\

"'- '""*" ^ proposed for a group of shells
^he one for which M,ci: ,, W,r,hc,, propos, i The

-

m If states that his pro-

(Ohio Paleontology, vol i, p. 131), of which he says Mr. U. P. James
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showing the same hinge characters. He also states

Megaptei
e type specie*

In short, he proposes a new genus to include the type of a previ-

ously established one, together with another species of the same,

described by one of the authors of the forenamed genus. M<</ap-

tera has unquestionable priority, and must stand before Mr. Mil-

ler's name and all others also, unless, however, the name J/egap-

fern may be objected to on account of its previous use by Dr.

Gray for a genus of whales. Even in that case Mr. Miller's icmie

could not stand, because Mr. Meek, in the Proceeding* «»f the ,,|H -

adelphia Acad. Nat. Sci., 1872, proposed to use the name Opi+
thoptera as a substitute in case such objection should arise In-

deed, I am informed by a friend that Mr. Meek in his work, now in

pt, has decided to use the name <>phth»,,ter<t Casei and

0. alata for Megaptera Casei and M. alata.

The fact that Meek & Worthen did not describe the hinge of

Meynpt.ra, which was unknown to them, in their gen. ric dmgn ->,

has no bearing upon the question of priority.
Tr *'

few genera of fossils would be allowed t

of more perfect specir

Nor does the fact that Meek & Worthen called theirs i

affect the question, for the r

and the use of such a designation undei

dicates on the part of an author a degr<

naturalists will approve.
Further,

i

BCliptic

gigantea with Meek's alata, I am unable to find that the i

nt to separate it specifically trom trie

have relied solely upon the large size

I the preservation «>f eoneentric strire of his s! 11 to -eparatt it

from M. alata. As M <
ry.ns the existem-.- «>t

the strin - species seems to be reduced to

the very insufficient ground of size alone. t\
^-

xx -

1. On the Quaternary containing the N
; on Niagara Coral reefs; and on Niagara

trap ; by Rev. D. Honeyman. (From a letter to J. D. Dana, dated

Halifax, N. S., Provincial Museum, Aug. 6.)-

from the I
ra.-.-au, in New Ituu-wi.-k.

have examined the bed of the fossil and found it a ela

with from twelve to twenty feet of sand and gravel. _In the bed I

found well-preserved shells, e. g., JBalam

of cuttings extending from Bathurst toward Canada I have col

-

lectedthfal dx ^number, at inter-

vals for

The Rev. Mr. Paisley described <ine iter, sa - lK
-
" l ""r,

——»-„„ ,

Canadian Naturalist. This occurs about three miles north of Bath-
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It is the first cutting north of the river Titti-

£V ,li
!"';

Tilt
'

l

'

;i>sils urehere i» the greatest variety and abundance.
lhe follows

i g , the approximate height of the bed
above the present sea level: The height of the iron bridge ov.-r
the Tittigouche is 60 feet; the foundation is about ten feet above
sea level

;
the height of the top of the clay in the cutting is about

seven feet above the height of the brid-v : r , >r al, 7 7 feet. I f<
-. ...abridge; „„„„,,

ertebraofama jin this cutting. As Dr.
" " -^ present in the country, it has not been examined.

ammed two other i,
$; one of these

lu'Ileduiie. On the short. 1 found Niagara
1 '

lg an abundance of corals. I collected fin
tes (rothlandica, Halysites catenulata, speci

Klpin is at

I also exa

.... -.v els, n :

at specimens of corals, which were f

out ot the rocks and scattered on the shore. I collect* I

ent specimens of Favosites Gothlandica, F basaltica, with soeci-

sp. i and cnnoidal joints. ' P

Ass,K-i:,t ,1 with this is a great dike of intrusive trap. It is
•aluform and amygdaloidal

; geodes and amygdules are

fces, and calcife. In ex-
•

-

>;• ttd r to be a specimen of F.
. vvhich had

« ancient lava, and formed an amy

daSJZ
eTte% etC

- 0n examining the mass of amyg-K v A

;

,n
'

llM:,," ,
' iV •,n ir ^ lhie °f ™^<* with the

I uas fortunate enough to ti, i ,„h,.,->p -
!•

i preceding, so much

nf 7nnL •

i .?, *, .

mcorP°rated with it, there being small piecesmbedded m the hand specimen'of enclosing trap secured.
»ed section of coral shows structure as distinct as any

2S£l V5P 2
,
39

,
of ^our ManuaL l als° found a detached

ith trap attached. Well-preserr*!

eon^f ^?m trap are new in my experience. These indicate

th»l 11 T som '

'

:

'

I

« nation. They show

show thnTttT 8°ft fluid When the cora,s were imbedded. They
the

j
trap was post-Upper Silurian. They show that the

•
I 'i-.uasswasnotsufficienttometamor-

ance than Tmsm'-?rthat corals have a greater power of resist-ance than other organic remains.

tJm^Z^f^i ¥ new Weci'es of Goniatidce, with a list of
bribed species; by James Hall. 4 pp. 8vo. Printed

urafHi^ ft 2
-

7th R*port on the S^te xMuseum of Nat-S Sscrih^ i
RTved *rom the author ** May last

)
The 8Pe

-

cies described are Gomatites complanatus Hall, (referred, from a
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poor specimen, in the 4th volume of the N. Y. Paleontology, to

Clymenia); and a variety perlatus, of the same species, from the
Chemung in Cortland Co., N. Y. ; G. unilobatus Hall, from the
Hamilton shales, Cayuga Lake ; G. simulator Hall, from the

Chemung, near Ithaca; G. ( Clymenia?) Nundaia Hall, same local-

ity; G. Chemungensis, var. equicostatus, from the Chemung of

Athens, Pa.
9. Preliminary Report on the First Season's Work of the Geo-

lxjl-,,1 Surrey <>/ Vesso ; by B. S. Lyman. 46 pp. 8vo. Tokei,

1874.—Besides other topics, the Report gives information respect-

ing the position of the Yesso coal, speaking of it as brown coal,

probably of Tertiary age. Springs of thick oil, or rather Mack
tar, come from deposits, perhaps Tertiary, in Washinoki, Vaniu-

kushmai and Idzumisawa.
10. Reply to Br. T. Sterry Hunt; by F. A. Oknth (Head

before the 'Am, i El n by, Jnly 17, 1874.)—Dr.
T. Sterry Hunt has published, in the Proceedings "

"

Society of Natural History, vol. xvi, March 4tb,

"if

associated >„;,!< /y//n.
v

in which he charges m<

—

in enmnno, rd'h

many others—of having fallen •'.
'

- ''een led

to conclusions wholly untenable, for lack of a clear understand-,

ing as to replacement, alteration and association in tin mineral

then gives an outline of the manner in which the various

:ions in a mineral species may take place, by re

'pnient and epi-_ ' ~v > -< >- :,li
''

1 'l^'clls at

length upon the fallacy of considering the alterations of

minerals and rock masses as the result of an epigenic pro-

a doctrine which >,as h, , „ ,
,,,' !.' th> dictum of Pro-

Dana : " regional metamorphism is pseudomorphism on a

Une" (both of which Address),"have been shown by me
to be untrue. For I assured him in the review and its sequel that l had never

held the extravagant doctrine thus attributed to myself and others; that the idea

of sueb transformations as are above enumerated had never occurred to me until

found in his foolish charge against " Gustaf Rose. Haidinger, Blum, Volger,

Rammelsberg, Dana, Bischof, and many others," in his Address; and I demon-
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He then refers briefly to the results of my investigation on corun-
dum, in which I have shown that by " epigenic" pseudomorphism

> numerous more complex species
and rock masses—and winds up by stating that he not only has
,-./,.• ;,'/,, */,„//, ,; ,.,,.

l
„,r,i\ hut has also examined tin

J !•'" }> •' >•/, <
',

,, ,/ runchishr,', ,< ,u has«l.\:uid
that— all the phenomena in question are nothing m
i..Cit„>rhs ,,/ ass >r;,it:<,,.> a,t<l ..'/,,

/
.„icnt,

bearing vein -,, //„ granitic veint

,
phlogopite andaruj

Laurentian rocks.

I may be permitted to say a few words in reply to Dr. Hunt's
assertion, than 1 had fallen into errors and had been led to wholly
untenable conclusions.

When I had the good fortune to obtain a few years ago the
first real pseudomorph after corundum—the spinel from India,
and afterward brought together numerous specimens of analogous
alterations, showing from the same locality crystals of corundum
without any, and others reprea ration from
a thin coating to the complete disappearance of every vestige of

.. and when I proved that such changes have resulted i

the oooyerai
it two dozen mineral anecies

a1
L™uy ?

t

L
ler Conclusions

>
but that these extraordinary cw~.

which I have described were the result of epigenic pseudomor-

This opinion has been adopted almost without exception by all

examine my specimens, or who
tied my paper. If Dr. Hunt differs from me, I certainly

will not deny to him the right to believe what suits his own
boldly charges me with having committed

|

' r}'\"> ' M a repetition of his vi
wnienweu He certainly has not a single

h could show the fallacy of my conclusions, or he would
iced it.

v̂
e.^orundum alterations have nothing in common with the

'"^""u crystals, or with stanniferous orthoclase, or the green

iat all writers on pseudomorphism, with but one or two exceptions, would
i rtrongly as myself. Nevertheless, he finds it to suit his purpose

vithout a qualifying remark.

these points are

3 Journal, page 86,

ional metamorphism in which

^,S?™ima?°e??1' ™*5 -^"-me »X the same category; and I

ut this is no ground for
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and red tourmalines from Paris, Me., or the beryls filled with

orthoclase, or the zircon and galenite filled with calcite, and can-

not he explained rationally as examples of association and

envelopment.

To give strength to his statements, however, Dr. Hunt says

that he had "examined" with me "the extensive collection of
spe :-., as upon which my conclusion* iccvt based:' When Dr.

Hunt favored me with a visit, I was in hope that he would < xatn ine

my specimens, but his time was so short that he saw only about

one-third of them, and the "examination" {If) of these was

i'oout Jive minutes.

As to his last sentence, I must confess that I am unable to

discover the least parallelism between the corundum-Waring veins

and the granitic vein-, with beryl and tourmaline, - "

the White Mountains, and the cai- << apatite.

pyroxene, phlogopite and graphite of the Laurentian rocks ;—but
'

i the former nothing but the product of a partial, and in

tances of a pretty thorough alteration of the original

.1 into micaceous and chloritic schists or beds, or, as Pro-

fessor Dana would express it, " a pseudomorphism on a broad

University of Pennsylvania, July 4th, 1874

11. Note on the Enemies of Difflugia ; by J. Leidy (Proc.

Acad. Sci Philad., p. 75, 1874.)—Prof. Leidy remarked that m
the relationship of i>e#%ta and ^moi&a we would suppose that

the former had been evolved from the latter, and that its stone

house would protect it from enemies to which the Amoeba would

be most exposed. The Difflugia has many enemies. I have

v observed an Amoeba with a swallowed Arcella, but

never with a Difflugia. Worms destroy many of the latter and

I have frequently observed them «* ™*
7V/,-/, „/. i f, , tl ./,,',.,-, and uFsolosoma. I was surprised to find

tor polymorphs was also fond of Difflugia, and I have

frequently observed this animalcule containing them. Un one

S accidentally fixed a Stentor by pressing down the cover

of an animalcule cage on a Difflugia, which it had swallowed

The Stentor contracted, and suddenly elongated, and repeated
" " " id split three-fourths the length oi its

aients until it had split «—

~

body through, and had torn itself loose from the fastened Difflu-

gia. Nor did the Stentor suffer from this laceration ot its body,

for in the course of several hours each half became separated as a

Uvidual. .„ 7 i t
12. Remarks on the Bmi -ulgaris; by J.

Leidt. (Ibid, p. 88).—Prof. Leidy remarked that during the

search for Rhizopods, having noticed among the dirt adhering to

the mosses in the crevices of our pavements many individuals oi

the common wheel-animalcule, Rotifer vulgaris, he had made some

observations relating to the assertion that they might be revivified

on moistening them after they had been dried, up.

Two glass slides, containing beneath cover glasses some dirt,

exhibited each about a dozen active living Rotifers, lhe glass
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slides were placed on a window ledge of my study, the thermo-
meter standing at 80°. In the course of half an hour the water
on the slides was dried up and the dirt collected in ridges. The
next morning, about twelve hours after drying the sl'i-

weiv I'lriced beneath the microscope. Water was applied and the
nmtvmls on the slides closely examined. On each slide a number

y dried Rotifers were observed. These imbibed
water and expanded, and some of them in the course of half an
hour revived and exhibits! their UM.al m.,v,-me!,t>. ,

remained motionless to the last.

The same slides were again submitted to drying, and from one
ol them the cover glass was removed. They were examined the
i • vl Say, but several hours after moistening them only two
Kotifers were noticed moving on each slide.

I next prepared a slide on which there were upward of twenty
«»-' Hotiti-r.., :md .vposed it to the hot sin

m. On examination of the slide the following morn-
tal, all the Rotifers continued mo-

tionless. and remained so to the last moment
i these observations it would appear that the Rotifers and

became inactive in comparatively dry positionsand may be revived by supplying them with more moisture, butwnen the animals are .,

SrTthr^o SvV.
ke^ ******> -til burning waters

ufL^J'J^? *£iy »*•* iGTSEf t

b
h
y
e

J
ordinTiy

PhnidelrI;;T ?i
W^Ch he had obse^ed in the vicinity of

Philadelphia, he had discovered what he suspected to

meters of Amteba, but
n is provided with tufts of tail-like appendages or rays,
h he proposed to name the genus Oueamceba

of thehnT
PTf ™ 7

hf ma^ be regarded as the back partof the body, as the animal always moves or progresses in advance

tti^ztt9e

tb
appe

/?
age8

- ^!;zT:^m:^
Ke^J^MS- the

.

deh«ate rays of the Actinophryens.

The
J
OuraTj "* ""sT""

t"" 1
'

,1,,r is their function °b™u8 '

Sod^^Z^TtS^H Am*ba
>
and o1

So? thev Ji
y T/^P,16 7 unbran«hed, except at their origin,

Wth J
WhP

Cyllndncal
' f rif0rm breadth

>
aad ^ss uniform

from a'conTn^r
0rV "b«™A to originate
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was so gorged with large diatoms, such as Xavicula rlridis,
together with desmids and confervas that the existence of a
nucleus could not be ascertained. The species, may be distin-
guished with the name of Orn.vMOEBA vorax.
A second form, perhaps of a different species, moved active-h-

and extended i

f - broad pseudopo Is like Am^ba princeps. When
first viewed beneath the microscope it appeared irregularly globu-
lar and about T'jth of a line in diameter. It elongated to' the ,!th

of a line, and moved with its taildike appendages in the rear.

These appendages formed five tufts about ^\th of a line long.
The interior of the body exhibited a large contractile vesicle and
a discoid nucleus. This second form may be distinguished with

Another Ouramceba had two comparatively short tufts of rays,
and a fourth, of smaller size than the others, had a single tuft of
three moniliform rays.

It is possible that Ouramceba is the same as the Plagtophry
of Claparede, though the description of this does not apply to

that.

Plagiophrys is said to be an Actinophryen, furnished with a
bundle of rays emanating from a single point of the body, but
the rays are described as of the same kind and use as those of
Actinophrys. Plagiophrys is further stated to be provided with
a di>tim ' of Dujardin, or i'<!<.r/""j : 'S of

Bailey, but the body of Ouramceba is as free from any investment
as an ordinary Amoeba, and the rays are fixed tail-like appen-
dages, with no power of elongation or contraction.

The species of Ouramceba were found among desmids and dia-

toms, on the suiface of the mud at the bottom of a pond, near
Darby Creek, on the Phil:. .1. , i> i mi We<t ( hester Railroad.

Two of the commonest species of Difflugia of our neighborhood
I had until re -

1

perhaps, the t

Kurope. Tn one the mouth is deeply trilobed, and the animal is

i- m .;. 4Te n with ehlorophyl globules. In the other the mouth

ite, usually with six shallow crenulations, and the animal
is devoid of ehlorophyl. The former is usually the smaller, and
may be distinguished with the name of D. lobostojia ;

the latter

In an old brick pond, on the grounds of Swarthmore College,

Delaware County, among Difflugia pyriformis, D. spiralis, D.
corona, D. acuminata, and others not yet determined, there occurs

an abundance of a large species, apparently undescribed. It is

sometimes the fourth of a line in length, and is compressed pyri-

form, but is quit; bon of length to breadth, and
in the shape of the fundus of the shell. This is often trilobate,

but from the non-production of one or more or all the lobes, differs

111 appearance in different individuals. The animal is filled with

ehlorophyl graii -
\

-' be named D. extochlobis.

Another large i
"**•» is not UQfre "

Am. Jock. Sci.—Thibd Series, Vol. VIII, No. 45.—Sept., 1874.



Miscellaneous Intelligence.

quent about Philadelphia. The shell is beautifully vase-like i

shape. It has au oval or sub-spherical body with a constriete

neck, and a recurved lip to the mouth. The body of the she

and often acuminate. The animal
contains no chlorophyl. One shell measured \ of a line long by

I of a line broad ; another measured £ of a line long by \ of a line

broad. The species may be named D. amphora.
A Difflugian, found in a spring on Darby Creek, is interesting,

from its trans the structure of the animal to

be seen in all its details. The investment is membranous and
apparently structureless. The soft granular contents occupy
about one-half of the investment, and are connected with this by
long threads. The pseudopods are protruded in finger-like pro-

of England. Its length is about -

3
yi of » line. The character of

from that of ordinary Difflttgiaaa

•egarded as pertaining to another genus,

lthaeia would be appropriate.for which the i

III. Miscellaneous Scientific Intelligence.

1. Change of level in the Great Salt Lake.—On Tuesday, July
21st, under the direction of Dr. J. R. Park, of the Deseivi I'ni-

versity, a monument or pillar was placed near the shore of Great
Salt Lake at

,.f the water.
The necessity of such an indicator has been long apparent to

m;i "> " l t!] " !,I " IV intelligent observers. Several years since,
!>r ,l

-
Heiiry. of th- - }t0n, D. C,

wrote to Mr. B. Young on the subject, . nd requested "that a fixed
r might be placed in some convenient part of the lake,

by which the height of
the water could be periodically measured. We are not aware
that any notice was taken of the Professor's communication.

test Prof. Henry renewed last March, in a communication
to Dr. Park, soliciting, at the same time, some definite information
as to the past and present height of the water of the lake.

In common with all others who have given the subject any con-
' h- I'm f«.xx.,r ,-e-anled thi*' i^.hit.-d b,.dv of water as

use rain gauge, indicating from year to year the changei
in the mean quantity of water that falls in the region con
the basin of which it forms the bottom. The changes are indi-

i by the depth of the water and the varying extent of
ground over which it is spread.

It l- ;ip| ar- nt u. all p ;> m< conversant with the meteorology of
the Great Basin, that rainfall is a term of comparatively t

' '

'

import in this altitude. Except in the autumn, win,: the «
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tion is so great that even the extraordinary succession of heavy
r:m,v T '"

'

) lias had no
perceptible effect upon the waters of the lake—not even to com-
pel! -ate for the amount of evaporation during the month. < )n the
contrary, such is the ii tensitv <d I < :it and the :il s< n v of moisture
from our atmosphere, that the waters ol the lake have steadily
subsided, showing, from tr~

'"

fourteen inches, and this

a ratio of evaporation of one millionth part of an inch to every
square foot ..f surface. The season ..t high wafers, then , u huh
the rivers and streams are swollen by the melting of the deep
snows in the mountains), is the only period at which the falling t

the lake is arrested; the rise continues until an equilibrium •>

formed between the surface exposed and the amount of evapora-
tion which goes on from every square foot of the surface.

It is to be regretted that there are no means of definitely ascer-
v:i nations of the lake since the settlement of the val-

ley in 1847. It is generally conceded by old residents, however,
that the lake is now some twelve or fourteen feet hie
then.

°

Until the spring of 1852 there was no perceptible permanent
rise

;
the increase from the high waters of the spring, and the sub-

s,, <t-'noe durini;- the autumn, beinir about equal, and the extreme
variation some fifteen inches. From tin an! inn of 1852 to the

;' 1856 the snows fell heavier in the mountains, and pro-
duced a corresp ndiiiL; ii rease in the volume and extent of the
lake

;
exhibiting, in the latter year, a rise of some six feet above

the lowest stage of 1852. From 1856 to 1861 a gradual subsi-
dence of the waters took place, the fall in 1861 reaching a mark
two feet below its lowest stage prior to 1852. The year 1861 will
be remembered by the farmers of Utah as a season of unprece-

:

i - uight, the crops being seriously injured from lack of
water for irrigation purpose. .

"< surface
was also observable to about three fourths of its dimensions in
i-"^: and more than half of this area was less ra;in five feet in
wpth. Captain Stanshurv. in i

850-5 1, retort < its -reatest depth
as fifty-six feet.

.
In the spring of 1862 the lake began to extend its area and con-

joined to ris< until - 8. when it had reached a point twelve feet

higher than the lowest stage of lsol. with an an a estimated at
one and a half times that of 1861.

Since 1868, up to the pr< sent time, t ! e rise and fall have been
about equal, the lake holding its own, with a slight increase and

ie variation of about two feet.

The data we have !y an irre-

pressible determination of the waters to rise. The mountain

reases'as the area of cultivation in the valleys be-

comes greater, and, as a consequence, the evaporation less. Tens
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of thousands of acres of farming, meadow and pasture lands have
been submerged along the eastern and northern shores of the lake.

Many square miles of valuable lands as yot availa'nle and occu-

pied liy tlu' fanner, skirting the lake, would be completely sub-

merged should tin' waters rise but a few inches above the average
level of the past five years.

There is one fixed mark corroborative of X I

in the lake during the past decade. Prior to 1861, Black Rock
was connected with the mainland by a roadway of black lime-

stone, crushed and regularly turnpiked, as if by design. Over
this road, rising in the center about two feet above the waters,
the salt manufacturers of earlier days—Mr. White and others-
having salt vats and flues on the shores of Black Rock; trans-

ported their saline products. That self-same roadwav, vet phiiuly

-, is now twelve feet under the surface of the Great
Salt Lake. Essentially it is a submarine turnpike

!

It is no mere conjecture that the lowland farmers along the
shores of the Great Salt Lake may some dav find themselves in

the predicament of the demure Hollander—compelled to resist, by
• Ball water, or submit to the re-

tiring process of inundation.— Utah Mining Gazette, July 25.

2. On the Physical Cause of Ocean- Currents ; by James
Ckoi.i.. of the i;,-..:..gic ; s u ,\ it'S.-.-t i! 1 - In a lecture at the

:. Nature, Philosoph-
ine, and other quarters, Dr. Carpenter has been advanc-

ing a somewhat plai;-! •, to my views in refer-

ence to under-currents. As this objection bears upon a point
which in my last communication I omitted to consider, perhaps
you will permit me, through your columns, briefly to refer to it.

•I.in Dr. Carpenter's own words,
is as follows

:

"According to Mr. Croll's doctrine, the whole of that vast
mass of water in tho x

J;i^ say, 1500 fathoms
efifl and 3600 miles in bn ,. of which

pom 40° downward), as ascertained by the ' Challenger' sound-
rly shows it to be mainly derived from a polar source, is

tm. Now, even if we
suppose that the whole of this stream, as it passes Sandy Hook,
were to go on into the closed Arctic basin, it would only force
out an equivalent body of water. And as, on comparing the sec-

tional areas of the two, I find that of the Gulf-stream to be about
t of the North Atlantic underflow ; and as it is admit-

ted that a large part of the Gulf-stream returns into the Mid-At-
ihit'mn, only a hranch of it going on to the northeast,

the extreme im ..'.,. Hit v , m .t\ 1 „ « s n \ ••,, . ^il,i ity ?) that so
vast a mass of wTater can be put' in motion by what is by compari-
son a mere rivulet (the northeast motion of which, as a di^inet
current, has not been traced eastward of 30° W. long.) »
more obvious."
The objection seems to me to be based upon a series of misap-
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prehensions: (1) that the mass of cold water 1500 fathoms deep

and Mi, oo miles in breadth is in a state of motion toward the

equator
; (2) that it cannot be the reflux of the Gulf-stream, be-

cause its sectional area is 900 times as great as that of the Gulf-

stream; (3) that the immense mass of water is, according to my
views, set in motion by the Gulf-stream.

I shall consider these in their order. (1) That this immense
mass of cold water came originally from the polar regions I, of

course, adm; > in a state of motion I certainly

do not admit. There is no warrant whatever for any such assump-

tion. According to Dr. Carpeni ting power of

the sun does not extend to any great depth below the surface
;

consequently there is nothing whatever to heat this mass but the

heat cominir through the earth's crust. But the amount of heat

derived from this source is so trifling, that an under-current from

the Arctic .--ion-, far less in volume than that of the Gulf-stream,

and the tropic of Cancer, including also the Caribbean Sea and

the Gulf of Mexico, to be 7,700,000 square miles, and the rate at

which internal heat pas- s throULfh th. earth's surface to be that

assigned i.v Sir William Thomson, we find th:

of heat derived from the earth's crust by the above area is equal

to about 88X10 15 foot-pounds per day. But this amount

to only^ that conveyed by the Gulf-tivam, on the supposition

that each pound of water carries 19,300 foot-pounds of heat. Con-

sequently an under-current from the polar regions of not more

than u'the volume of the Gulf-stream woul

entire mass of water of that area within 1° of what it would be

say, were the water conveyed by the under-current at 32°, internal

heat would not maintain the mass of the ocean in the above area

at more than 33°. The entire area of the North At la;.

the equator to the arctic circle is somewhere about 16 000,000

square miles. An under-current of less than T
»

T that of the Gulf-

stream coming from the Arctic regions would therefore suffice to

keep the entire North Atlantic basin filled with ice-cold water.

it follows equally as a necessary consequent
of the ocean below the stratum heated by the sun's rays must con-

sist of cold water. For if cold water be continually coming Irom

the polar regions either in the form of under-currents, or in the

form of a general under-flow as Dr. C: r, nt.-r apposes, the en-

tin umhrp turn ;,!,„ an must ultimately become occupied

by cold water; for there is no source from which this influx ot

water can derive heat, save from the earths -

For example, a
one-ball trie size oi uw -<

stream would I

&« entire water ot the gic

(below the stratum heated by the sun's rays) at an ice-coia
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It pOSsCsSt '

' glollS.

(2j But suppose that th s ii nse muss of -old water occupy-

ing the great depths of th. » i ar, wt re, a- Dr. Carpenter assumes

. .

...--..
.

•.
.

.;';
: ; .

'.[

through this large sectional ar> a must he greater than that flow-

in-- through a sectional area of the Gulf-stream; for the

of wat< r flown g througli thi.- large sectional area depend-

wlrmTviVw'Isset
mid 1) - supposed

ion by the

under-cur-

npulse of the wind as the C ulf-stream

I am also wholly unable to comprehend how Dr. Carpenter

should imagine, because the bottom-temperature of the South At-

ppera to be lower, and the polar water to lie nearer to

the surface in this ocean than in the Xorth At lautic, that there-

fore this proves the truth of his theory. This condition of mat-
ters is just us , )';sisu-iit with my theory as with his. When we
consider the ii.mi-.i-, quantin of warm surface-water which, as

has heen proved, is being constantly transferred from the South
into the Xorth Atlantic (a quantity which to a large extent is

compensated by a cold current from the Antarctic regions), we
readily understand how the polar water comes nearer to the sur-

face in the former ocean than in the latter. In fact, the whole
of the phenomena are just as easily explained upon the principle

of under-current- as upon ! -v. Car) 'enter's theory.
Dr. Carpenter hu* con>ideralm -tn - on th "important fact es-

!>y the ' Challenger' expedition, that the great depths of

the sea in eq j-coW water, while

the portion heated by the sun's rav- is simple a thin stratum at

the surface. It seems to me that it siud a fact

ile to his theory than this. Were it not for this upper
stratum of heated water there would he no difference between the

equatorial at i pohi • liuniis, and consequently nothing to pro-

duce motion. But the thinner this st ratu i tin less >th< titfrr-

ence, and the less there is to produce motion. I have be< n fav-

ored by the Hydrographer to the Admiralty with a series of

ong the equator; and from these 1

to so small a depth does the super-heating extern
1

,, that

of the ocean at the equator requires to stand only four

aad a bali
. t to th. ocean being

m perfect equilibrium. In this case, if we suppose, in order to

by the weight of, say, two feet of water, there would
then remain only a slope of two and a half feet between the equa-
tor and poles.—Phil. Mag., June, 1874.



Miscellaneous Intelligence. '.

3. On the Ph./sn-aJ (i,o<iraj,l,g of, and the Distribution

Te;r> 4. hflJIotltr*, a in, tin h'ahon'.a Island* , l,y Thomas Bla
(Awn. L\v. Xat. Hist.. X. V. x, Xos. 10, 11, .Ma rob-J une, IS'

—Mr. Bland, win > . xplorations in West India conchologv h

made liini thoroughly acquainted with the geographical dtstri

tion of the species, has brought forward in this paper (which, hui

cited entire in this Journal) many facts of great interest on the r-

tiousof the Bahamas to the adjoining islands, The numher of i.

lates. He shows that the alliance of the Great Bank with '-'\

is very close, as is apparent in the numerous representa: r> es

Pol, ,;,//,/ and Si,-orhn,, the ..e-urreaee of Polp.fr.>. Th<i> o,

and Mdanllla (three groups unknown in Haiti), and otherja.

"while the development of Plagioptycha in the Turk Islands ;

Gnat Inajrua, with tin fact th X P. \V,rt,iana and P. discu

are common to them and Haiti, appears to indicate their com
tion with the latter island."

After alluding to some observations in Dana's Corals and Cc

Islands on the diminished size of the islands to the eastward, :

the evidence of mbsi 1. i o< fomi 1 in the l:n t, Mr. Bland coiitm

The \\o

the West Indies to the eastward, are of p©
only as affoi |

lenee of the greater Babfl

- The banks and islands forming the long Ba
in sizt to the southeast, where are situated a;

submerged Mouchoir Carre, Silver and Navidad i.aiik*. ma
.

on it* north
j

,

.'. '

r -

f.-r.ninate the chain of the WeM Indies (parallel with the Baha-

mas) eastward from Cuba.
"In the caves of AngnilU, tbe remains

maliaare found, which must have inhabited a far more extent e

area, subsequently broken up by subsidence.
#

-Packard (Anicr. Xai . *72) remarks, 1

the W s T [ n ,lies) t ,d, place at a Lit. period ot tune, :

suhscpjent to the spread of the Post-pliocene fauna over Xortn

'

••
I)r.'

:

rieve (/. c) observes that < the Bahama Islands, the Bland

Of An,,..
I

-rbuda, belong to a very recent

period.'! ^ i t i i >

"The same author (I e. 18), referring to the < Leeward Islands,

states as follows:

* See also Cope, Proc. Acad. Nat. Sci. Philad., 1868, and Bland, Proc. Ainer.

Phil. Boa, 1871
and Barbuda_
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f Gnadaloupe form two parallel chains, from northwest t<

" While considering the facts and geological grouping of the

islands quoted above from Dr. Cleve's paper, it should be remem-
bered that the Ian I -shell fauna of Saba, of St. Kustatius, St. Kitts,

and Nevis (all three on one hank), and. of Bedonda and Montser-
rat, and of Barbuda and Antigua (the last two on the same hank)

is, in common with most of the island- to rite -..utli. to and inclu-

sive of Trinidad, distinct from the fauna of the islands between

id Cuba, and the Auguilla Rank,
on which are An.in'ia. St. Martin, and St. Bartholomew.*

"Thisditi. ...,', r|
:
,. u, |l.,l,.fii lt .

i line of their

separation, must be considered in connection with the past and
present geoi islands.

u The distribution of the species of the genera Macroeeramus
and Stm.J,;,, illustrates in a marked maimer the distinctions of

annas just mentioned. Macroeeramus has two spi ci< - in

the Bahamas (one common to the (mar: Bank, Florida and Cuba,
-M- ^<>-^' - found in Jamaica') ; 3 b* in Cuba,
and 10 in Haiti, of which 1 (M. Gundlachi) occurs in both.

''There are two other species only in the islands between and
• and those of*the Aniruilla Bank, M. si'j»'(-

f"<% whic .
i

I,, Tort,, la. Necker Island, and
Anegada, all on the Virgin Bank, and in Anguilla and St. Bar-
r ?" 1' iih'W on the Anguil a Bank; V. mivrodon occurs in Porto
Rico, Vieque, St. Thomas, Tortola, and Aneuada. The genus is

not represented in St. Croix, and not in any of the is

of the Anu-uilla Bank.
" Strophia has 16-18 species in the Bahamas, of which 1 is also

in the Florida K- «. .... I
:••

i, •.-;•. ;. t
{ , :i ; 1 7 in Cuba ; none in

- in Haiti, of which one, S. strhthillu, occurs in Cuba,
Porto Rico, Necker Island, and Am->-ada, and' the other, >'. »>>-

is found also in Cuba, Haiti, and Porto Bio
Remains of a fossil species, undeterminable, an noticed in Som-

* See Bland, Proc. Amer. Phil. Soc., I. c
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x fossil species in St. Croix. ) representativ
k or to the south of i

u The exceptions are curious. Macroceramus Gossei and Stro-
2^h in 'ii'ii are found in Curacao !

" Dana, as already quoted, refers to parallel hands of greater
and loss subsidence in the Pacific Ocean, and to analogous condi-
tions in the Atlantic;—the subsidence was probably, he says,
'much greater between Florida and Cuba than in the Peninsula
of Florida itself; and irreater alonir the Caribbean Sea parallel

with Cuba, as well as along the Bahama reefs, than in" Cuba.'
Recent soundings show in these respects the following facts

:

" The greatest depth in the Gulf of Florida, between Key
West and Havana, is within five miles of the latter, 800 fathoms
(4,800 feet), and I have already stated that there is a depth in the
Nicholas Channel, between Salt Key Bank and Cuba, of 534
fathoms (3,204 feet).

" Between Cuba and the east end of Jamaica the depth is 1,244
fathoms (7,464 feet). Eastward of Jamaica, along the southern
side of Haiti, in about the latitude of Beata Island, great depths
have been ascertained,—one sounding west of thai island gave

M88 fathoms (12,816 feet), and one to the eastward of it 1,840
fathoms (11,040 feet). The greater subsidence still further to the
east, between the Virgin Bank and St. Croix, may be inferred

from the enormous depth there found, of no less than 2,580
fathoms (15,480 feet).

"A line of soundings from the south side of Jamaica and east of

the Pedro Bank, across the Carribean Sea to Aspinwall (a dis-

tance of about 550 miles), shows the instructive fact that, with no
very considerable exception, the sea bottom slopes gradually from
Jamaica toward: the coast of the Isthmus of Panama. About 60

miles from , K. of Aspiriwall), the depth is

1,215 fathoms (7,290 feet). The bottom then rises comparatively
rapidly,—the depth at about forty miles from Aspinwall being

677 fathoms (4,062 feet), and at about twenty miles, 227 fathoms

(1,362 feet).
" In connection with the relations of the land-shell faunas ot the

islands on the north side of the Carribean Sea, I may mention

that the <n the coast ot' Yucatan and Cape
San Antonio, the western extremity of Cuba, about midway be-

tween the two, is 1,164 fathoms (6,984 feet): between the east

end of Jamaica and the west end of Haiti (so far as is yet known),

s (:i,ooo feet); and -, "
'

Moim
Passage (between Haiti and Porto Rico), 250 fathoms (1,500

feet). I postpone comparison of tin faun is • f r
;

•' Mauds and the

•idjacent 'parts of the North American continent; but, in regard

to the dept Jamaica on the west side, and
i'orro Kj,.',, OII tf]e e;lsti it is noticeable that, while the fauna of

Haiti has vers little relation with that of Jamaica, it has much
alliance with that of Porto Rico."
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4
" °.n tfh Honolulu and Yokohama, from

•'
uv and steadily from Honolulu until kit. _'

! X., Ion-.
159 lO \V. was reached (a distance of about 95 miles), to 2,418

ig a slope of nearly 162 feet to the mile,
lat point to hit. 20" Hi' X., Ion-. 16 - \V., in a distance of
m there was a -

ir feet to the
the last named point and lat. 20° 52' N., long.

From t

172 ;></ \\\

:V:f

the bottom.was reo-ul

long. 173° 43' E., the
mmmit in lat.

from its base, and 51

> slope is 55 fee

' feet to the mile on its

to the mile for about 127
at of the distance to the su
height is about 12,000 feet.

J or mountam v,
lt8 8ummit in

' E. Its height is 9,600 feet. Ad-
i to be regular from its base to

~- ~ «x wuibb uie minimum slope possible), it will
eastern slope of 192 feet to the mile and a alone on its-de of 204 feet. Between the Zt position anTlat 23°

iat. 23° 45' N., lona. l,

nutting the slope of th.
it (which is of
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56' N., long. l.n>° lis' !:., w;is the fourth elevation, having its sum-

distance of about 4^ miles to the westward, there was hut a flight

inappreciable fall, an. i from thai point to the base a slope of 90
feet to the mile; its eastern slope was Go feet. Its height is c,,uoo

feet. For the next 60 miles, the bottom was regular till lat. 24
L

02' >,\, long. 155° 08' was reached, between which and lat. -J<>
25'

X., long. 158° ill' whs a fifth mountain, extending to the surface

24 J V. 1 ,,_ lot it I,i distance ot bout seven ni * m
this island, to the northward: I.-")"" fathoms of water were found,

which gives the land a northern slope to this point of 1,2-4 feet to

the mile. From this point to the eastern base, the slope was
about 200 feet to the mile, and to the western, 157 feet.

For 176 miles from the last position, the bottom was, compara-
tively speaking, regular; then the next ISO miles was occupied by
the sixth mountain ridge, its eastern base in lat. 25° 11' N., long.

149° 46' E. ; its western in lat. -nf 09' \., long. 140° 10' E., and
its summit in lat. 25° 42' N., long. 148° 39' E. Its height was
about 7,800 feet; its eastern slope, 103 feet to the mile, and it-

western 59 feet. From this point to Port Lloyd, a distance of

2K) miles, the slope was about 86 feet to the mile. I have taken, in

consideration of the height and slope of the submarine elevation,

about 3,000 fathoms ,.f water as the depth of tie plateau proper;
for it was onlv at that distance that it ivmaiued regular for any
distance, and 'again the averagt depth between the bases yd the

tance of the line, u as about that. All the slopes computed are

the minimum.—Nl Y. Tribune, June 13.

5. Meeting of the American Ass .-iath " Htrtf -..!.— I m

t'-ventv-third' nee-ting ot the American Ass ciation, at Hartford,

commenced on Wednesday, the 12th of August, and close! on the

I Wednesday. Dr. John L. LeConte, of Fid:

wa> the i -. and Professor <..'. S. Lyman, -t

New Haven, the Vice-President. The attendance w;t> lar.ge, the

papers numerous and for the most part exc- dent, and the interest

in the sessions was sustained to the end, although the meeting

was prolonged one day beyond the usual time. The citizens of
""

ad very large! v t o x'\^ pleasure and scientific

n, through the many excursions for which they

made liberal arrangements. These included a trip by steam-

t down the Connecticut to i
- to the Kocky

i here the trap dth the sandstone i

posed; the silk manufactory at Cheneyville; Tamffville

and its gorge through tin trao and Maidstone : the !::

ries, opposite Middletown, where, in the bottom of one

twenty one i

'''.-•" 0* * " '

-1 -'

a line over fifty feet long, were exposed, having been recently

opened to view"; and on Thursday, the day after the^close ofJhe
session, by rail, to Salisbury, a regie
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gress of pliys

Detroit, Michk
the nth of August. J. E. Bilgard, of the
appointed President of the meeting.
The following is a list of the papers accepted for reading :

Section A.
Differential Measurements of Solar Temperature; S. P. Langley.
Velocity of Prin w cUiSE

Exhibition of a Combined Col
1

1

,

, iation Machine, wil
Notice of the Results obtained with it W A Rogers

WH™SUCtUatiODSOf LOT6lSin ^-twaters:-Records of Observations

Ferrel
011 between the Barometric Gradient and the Telocity of the Wind

;

ting the vibrations of organ-pipes ; J Lovering.
trial Planisphere

; S. D. Tillman.
Zootrope as a means of illustrating crystallography t

K. Eaton's new compound one-prism Spectroscope ; R

distribution of the brighter fixed stars ; B. A. Gould.

E Sphygmograph ; A. A Breneman.
i improved Electric hell

:

l Higher Curves'; J. D.

-
T

- in Basaltic Rock and the dissociation of Oxide of Iron;

Exhibition
Q Apparatus ^ILcSmiohael.w Method for tl:

^ion of a Platinum Digester; H. Carmichaet'
r—h-l-

Phosphorescence of &] hv A< w Wbisht.

use of Natural Twin I
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6. ChemtoaJ (', ,,;.,, ,,>'.—Tin first day of August. 177!,

trious as the date of Joseph Priestley's diseovery of oxyger
commemorated on the first of August, 1874, by the gath

of American chemists at Priestley's grave-, on the banks «.

Susquehanna, at \ort humberhnid. Pennsylvania, ami by
;

gathering of Urilish chemists at Hirmin<}liani. Kngland, f

""'ng of a statue to Priestley.^ Both gatherings .- :

prosperous, an- salutations I

d the two assemblies in sympathy on an occasion wen
eal<T.iat'-<l to awaken kindred sentiments. The Ameriean Leather-

presided over by Professor Charles F. Chandler of the

l College School* of Klines, who responded. to an address
ing was presided over by Professor Charles F. Chandler

Columbia College Sehoofof Klines, who responded, to an j

! from the citizens of Northumberland, delivered by

Col. David Taggart of that pla<

The following addresses were also delivered on the occasion, by
previous appointment :

—

A Sketch of the Life and Labors of Dr. Joseph Priestley, by Pro-

fessor Henry II. Croft, ! T< roiito, Canada.
A Review of the Century's Progn ss in Tin or.

' ;

. ; 1 Chemistry,

by Professor T. Stern Hunt, of Do-ton, 3ia>-a. lnts( tts.

A Review of the Century's P bemistry,

by Professor J. Lawrence Smith, of L»m>\ V . K< ntucky.

An Essay on American Contributions to Chemistry, by Pro-

fessor Benjamin Siliiman, of New Haven, Connecticut.

Professor Joseph Henry of Washington, who had b. ei

to preside at the meeting, and to deliver an a

Lrrave, was uiifornm. teh detained bv .-. sr.
'

;,sm mblv, _ ithered at ^unset at the grave of Priestley,

on Friday evening, July 31st, was addressed in a most appropriate

manner, by President Henry Coppee, of Lehigh University.

Many descendents of Dr. Priest! anberland.

Dr. Joseph Priestley was the chairman of the local Committee
.

of Arrangements ; and another of the same degree of <• :

itv. rise third veneration, was among thos*

added to the oh-'-un - of the oeeasion. The old Pi •

sion, with its ample apartments,
and in one of them was a collec

sonal memorials of the eminent
day and the place.
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The telegraphic dispatches above alluded to were as follows:
The American Chemists assembled at Northumberland, Perm. : Our marble stau

epresentmg Priestley discovering oxygen will be unvailed to-morrow, presem
y toe subscribers through Professor Huxley to the town, and accepted by 1

layor. We greet you as colleagues in honoring the memory of a great and gc
ian- The Pbiestlet Memorial Committee,

i of Priestley
1 anniversary of the birth of chemistry.

We understand that the addresses will appear in a Memorial
' the American Chemist, soon to b<

will contain also a full account of the proceedings b s

, ' ''' ," r "J V,,t
' ' /< &c.

; by J. Arthur Phillips,
'• <;

- s :•'» }>}>. -*-.. wi.J, J..-. illustrations on wood.
London 1874. (Chas. Griffin & ( ,, ,dition of

Mips swell known "Man; t18M 1854
and 1858) bears date June, 1874. It is in tii.-t a new book.
About one-half Gf the volume (354 pages) is given to the .subjects
ot *uel (106 pages), and Iron and Steel (248 pages). It is re-

' its clear, concis,
, e, by which

qualities a vast amount of valuable and accurate information is
broughl within a moderate

i practical
stall and experience, both in metidiiir-ieal ..m-ratio
sonal explorations of many of the metalliferous regions and worK-
uigs described, add to the value of his work. It is especially

to American readers from its frequent citations of

ample, under
rocessea for Copper," no mention is made of the Hunt

% on the solution of oxide of cop-

E?p It^f of/°dl<\ chI°ride and ferrous chloride forming solu-

...
" ;

' '
'

: ;..-...-. i;

d_ been consumed in chloridizing the copper oxide and

- i:- i-ee^nd „.< here ,,, a'larfe scale
rthy of mention in so good a book as Mr.

I iulup- > .Metallurgy. fe

B s

ALZ^l^£^fi?^re^€fJ' Lawrence Smith,
—

part, and (

mid change

ed by us from I

J

| ie appireilt in-

^ J- the August number of

d desires us to request" thaT those^
the wording of the

ntical Essays on Physics, Metaphysics, and Ethics.
I. PhyS1cs. 158 pp. 8vo. New York, 1874 (James
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torches in Acoustics; by Alfred M. Mayer.
Paper No. 6,* containing

:

The Determination of the Law connecting tl

perforated

i these Laws leading to new facts in the Physiology

While the durations of the residual sensations on the eye,

corresponding to lights of various colors and intensities, have

been the subjects of many masterly memoirs, I know of no

attempts to determine the durations of the residual e'

__ Helmholtz founds indeed his Physiological The-

ory of Music on the facts that a certain number of beats per

second produce in the ear a maximum dissonant sensation,

while a greater number may blend into a smooth continuous

sound; and in discussing the position in his scale of the

,
* Read before the New York Opthalmological Society on March 9, 1874; and

before the National Academy of Sciences, in Washington, on April 23, 1874.
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u damping powers'
1

of the co-vibrating parts of the organ of
Corti, Helmholtz (Tonempf, p. 212 et seq.) infers, from the dif-
ficulty of trilling on the bass notes, that the co-vibra1
of thenar, set in motion by sounds of low pitch, ma
vibrations longer than those excited by sounds belonging to

itions of the musical scale. He says :
" Trills of this

kmd,of ten notes per second, are of a sharp and denr ex< ra-
tion m the greatest portion of the musical scale ; below the la
of 110 vibrations, in the grand and contra octaves, however,
they sound bad, harsh, and the sounds begin to blend." Yet
it does not appear that Helmholtz ever attempted to determine
that quantitative relation existing between the pitch of a sound
and the duration of its residual sensation, which I will now en-
deavor to establish. This law in its further applications will
render quantitative many of the qualitative statements con-
tained in Helmholtz's renowned work.
The method of obtaining the facts—of which our law ex-

presses their general relation—was similar to the method used
in the study of the analogical phenomena of light. A simple
sound was obtained by vibrating a fork before the mouth of its

corresponding resonator, and this sound was broken up into
flashes, or explosions, by alternately t

sans of a perforated disc,

and the fork ; as is shown
he mean diameter of the

diameter of the mouth of
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the resonator, while the spaces of card-board between the open
sectors was twice the width of these openings. Thus the res-
onator's mouth was exposed to the vibrations during an inter-
val which equalled that during which it was screened from
them. A rubber tube led from the nipple of the resonator to
one ear, while the other ear was tightly closed with a lump of
bees-wax.

In my first experiment, I firmly clamped an UT 2 resonator,- J
-ibrated opposite its mouth an UT2 fork. I now placed

the tube in the ear, and on slowly rotating the disc I perceived
a series of sharply separated explosions or beats; on gradually
i i«-r. ii-iii- the velocity of the disc these explosions gradually
approached each other, and on reaching a certain frequency in
their succession they blended into a continuous, smooth sensa-
'i'ti. similar to that experienced when the disc was removed
and the fork vibrated gently before the resonator. I now kept
the disc at the velocity required just to blend the separate beats,
and I found, on timing its rotations, that the resonator was
sending into my ear 26 explosions or beats per second. Hence,
sonorous waves of UT a cut into 26 parts per second, or, in
other words, divided into lengths of five waves separated by
the same lengths of quiescence, produce the same sensation as
that caused by an uninterrupted flow of these sonorous waves
into the ear. 1 now replaced the TJT 2

resonator and fork by an
UT

4 resonator and its corresponding fork and again rotated the
disc with the same velocity that it had during the above de-

scribed experiment. In these circumstances I no longer expe
rienced a continuous sensation, but one which reminded me
somewhat of the clatter of frogs in a marsh. This fact at once
showed that a greater number of beats per second were re-

quired to blend the separated pulses of a sound of higher pitch ;

and this blending I actually obtained on sending into my ear

about eighty beats per second of UT
4

.

I now prepared a series of discs adapted to four octaves of

resonators and forks, and with them I made the following de-

terminations. I was not able to use an ITT , fork and resonator,

so I substituted for the former an TJT, closed organ pipe,

gently blown, and for the latter a small funnel of gntta-

whose mouth was placed close to the disc while a rubber tube

connected the funnel with the ear. I will here remark that in

some series of experiments all of the resonators were replaced

by this funnel of gutt:i-p<'ivh:i ami r hat the results were the

same as those obtained by the use of the resonators. I now
obtained the aid of a friend who has a trained musician's ear,

and he and I arrived at the following results,—the mean of our

separate determinations. He always required a greater num-
ber of beats per second to obtai



244 A. M. Mayer—Researches in Acoustics.

After the experiments were finished I found that his determi-
nations were about 5 per cent higher than mine.

Column S of the following table contains the simple
sounds experimented on ; they are designated by the notation
stamped by Kdnig on his forks. Column N gives the number
of vibrations* per second corresponding to the sounds of col-
umn S. In column D are the corresponding durations of the
residual sensations, expressed in vulgar and in decimal frac-
tions. The reciprocal of the number of beats per second re-

quired to produce a continuous sensation by a given sound is

taken as the duration of the residual sensation of this sound.f
In column L are given the number of wave-lengths contained

i the separate impulses into which the sound had been divided
in order to )roduce the continuous sensati

S N D L

UT,
UT2
UT,
SOL 3

UT4
MI 4

SOL.
TJT

5

64
128

256
384

1024

tV='0625 sec.

*V='0384 «

iV—0212 «

lf
l
o= '0166 '<

TV-0128 «

^V='01H "

Tta— 0091 "

T^=-00Y4 "

6-5

7-0

7-6
1

Although at first sight, the apparatus which I have i

ims research may appear coarse, yet experience showed that
the accuracy of a determination depended
than on the median'- 1

average difference in the measures of the duration of anv
residual sensation did not exceed the „'* o of a second. The
perforated disc made 3| revolutions to one of the driving
crank, and if the disc has twelve perforations, then the abovfc
cmterence of „•„ of a second is given by the difference be-
tween two observations, in one of which the driving crank
made 30 revolutions in ten seconds, and in the other made
32 revolutions m the same time. It is evident that the appa-
ratus readily detects this difference, especial
auring thirty seconds to obtain the number of beats
the ear during one second.

tninp lS! TCeptinS as final the above determinations, I ascer-
tained that great differences in the intensities of the pulses had
*I here, as always, refer to compW viw,*;™. ; „ * i:__ ^ „„^ t^ .r

f

W
^i8 ia

3

tot
P
th

f

at we te°

rgaD P-•-'
sensation. To obtaii '
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little effect on the number of beats required to produce a con-
tinuous sensation. When a great increase in intensity was
given to the pulses, their number had to be slightly increased,
to produce the same continuous sensation as that experienced

UT X ut, TJTj SOL4
UX4 Ml4

S0L4

with feebler pulses ; but the difference was barely measurable.

It is also important to remark, that, after the blending of the

pulses has been once attained, a further increase in the velocity

of the disc does not change the character of the sensation Ex-

treme velocities, of course, produce such violent agitations at the

mouth of the resonator as to render experimenting impossible.

I now projected the above determinations into a curve
;
plac-

ing on the axis of abscissas the numbers of vibrations of the

various sounds and on the ordinates their corresponding dura-

tions of residual sensations. Thus was produced the full-lined
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curve of the accompanying figure (2). The dotted curve is an
equilateral hyperbola and expresses the assumed law that the
durations of the residual sensations are inversely as the num-
bers of the vibrations producing them. In drawing the latter
curve I took the point corresponding to the ordinate of UT

3
as

the basis of the assumption. The curve given by the observa-
tions does not coincide with the hyperbola. The formula* of
the curve of the observations is

+ .4.9
H-18

The law connecting the pitch of a sound with the duration
of its residual sensation is

D=(w +24)- 0001
'

In which D=the duration of the residual sensation, and N=
the number of vibrations corresponding to D. The ordinate of
MI

4
is not quite embraced in the law ; I have left it outside,

for no matter how careful and many were the observations on
this sound, I could not alter its place in the curve of the ex-
periments. According to observation, the duration of MI

4
is

•01111 of a second; according to the law, it equals -00827;
giving a difference of -00284 second.

2. The Determination of the numbers of Beats, throughout the musi-
cal scale, which produce the greatest Dissonances.

The determination of the law, which shows the connection
existing between the pitch of a sound and the number of its
beats which causes the most dissonant sensation, was made with

apparatus which served for the discovery of the law
just discussed. The determination of the number of beats
producing the greatest dissonant effect with a given sound is

difficult: forth,-
j

urn <»l maximum dissonance is not sharply
marked, and individual judgment and peculiarities come in, so
that the range of the determination for any given sound by
different persons is considerable. But on discussing the deter-
minations reached by any one person, I found that they followed
a well marked law, which, as might have been inferred, is
closely connected with the law of the duration of the residual
sensation Indeed, we find that any one observer always
maues the numbers producing the maximum dissonances a
constant fraction of the numbers of beats which give continu-
ous sensations. Thus, I find that r% of the latter numbers

SI
6
??v %

m°?t dlsagreeable sensations ; another observer has
placed the fraction as high as Ty I imagine that we do not
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bers of beats giving the greatest dissonant effects. Thus we
can go from the law connecting the pitch of a sound with the
duration of its residual sonorous sensation to the law giving the
numbers of beats throughout the musical scale which produce
the most dissonant s

?s in a new method of Sonorous

i perforated rotating disc.

It is an interesting deduction from the laws we have established

that a composite sound can be analyzed by means of a rotating

disc with sectors cut out of it. Thus, on rotating a large perfo-

rated disc with great velocity before a reed pipe, and placing the

ear close to the disc,—or in connection with the gutta-percha

funnel, by means of the rubber tube,—we shall have the com-
posite sound reaching the ear in a series of impacts which suc-

ceed each other so rapidly that even those of the highest har-
'"\ of the reed blend into a

gradually lowering the velocity of rotation the impacts of this

larmonic can no longer blend and we perceive the har-

monic beating on the ear alone. This can be readily confirmed

by the aid of a resonator. A further slight lowering of the

velocity brings out the beats of the next lower harmonic, and
so on, until the velocity has been so diminished that even the

beats of the lowest, or fundamental, harmonic are perceived :

and then all of the component sounds of the reed are beating

in unison ; but yet the effects they produce on the ear are very

different, for the higher harmonics, notwithstanding their feebler

intensities, must be heard more distinctly, because their inter-

mittences are furthest removed from the numbers that cause

their sensations to blend. In other words, the highest harmon-

ics, in the phase of the experiment above described, approach

nearer than the lower to the numbers of beats required to cause

them to give their greatest dissonant effects. This method of

sonorous analysis was arrived at as n deduction from our laws,

and subsequent experiments confirmed the assumption that a

sonorous analysis could be thus effected. This curious dis-

covery has its' analogue, in the case of light; for, when a disc

with alternate white and black sectors is rotated so slowly that

distinct flashes of white light are perceived, the retina is thrown

into states of successive increasing and d©
now the moment of the maximum of excitations is not the same

for all colors, but the excitation takes place sooner for the red

and the violet than for the green. " Si Ton fait tourner un

semblable disque, lentement d'abord, puis, graduellement, de
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plus en plus vite, et qu'on le regarde fixement, en evitant de de
suivre du regard l'image en mouvement, on remarque que le

blanc se colore en rougeatre sur le bord qui se presente le pre-
mier, et en bleuatre sur le bord posterieur. Pour un faible
eclairage, le ton rougeatre tire plus sur le jaune-rouge, le bleu-
atre sur le violet

;
pour un eclairage intense, le premier tire sur

le rose, le second sur le bleu-vert. Si la rotation est lente, le

ton bleuatre s'etend d'abord sur une plus grande partie du blanc
que le ton rougeatre. Si, au contraire, la rotation est rapide, le
rouge s'etend en rose sur tout le blanc, tandis que le bleu-vert

sur les secteurs noirs ; en somme, le violet parait alors
predommer sur tout le disque. Pour une rotation encore plus
rapide, on ne distingue plus 1'un de l'autre les diffe'rents sec-
teurs

;
on voit alors le champ fmement jaspe de taches qui pa-

pillotent entre le rose-violet et le gris-vert. Enfin, si la rapi-
dite de la rotation augmente encore, le papillotage diminue, la
couleur gnse resultant du blanc et du noir ressort d<

^'
Gt DeSt pluS recouverte que Par de grandes taches varia-

bles d un rose violet, qui presentent l'aspect des taches et des
bandes qu on voit sur un tissu de sole mouille." (Helmbolte,
Optique Physiologique, Paris, 1867, p. 500.)

4. Deductions from these laws leading to new facts in the Physiol-
ogy of Audition.

The immediate consideration of the laws we have established
gives the most convincing confirmation of Helmholtz's ideas of
the high differentiation in the dynamic constitution, or mechan-
ism of the ear. The very fact of the ear's power to effect a
sonorous analysis was shown by Helmholtz to be a proof of
this

;
but our physiological law, susceptible of a mathematical

expression, affords the most direct proof that one coi
ot the existence m the ear of a highly differentiated mechan-
ism, so differently affected in its different parts by sounds of
different pitch. Indeed, Helmholtz also divined this even
from his restricted premises, which I have had the privilege of
enlarging, for, he says (Tonempf., p. 215): » As the difficulty
oi making a trill m the bass is the same on all musical instru-
ments, and as it is evidently altogether independent of the
mode of production of sound on each instrument, we have to
conclude that we have here to do with a difficulty which resides

Jw 1 6ar
-i •

Here is a Phenomenon which neatly proves
that the vibrations of the mobile parts of the ear for bass
sounds are not ' damped' sufficiently, or quickly enough, to

blendin
S° t0 succeed each other so rapidly without

&1 T
hlS

,

faCt
i Py°

Ves
'
besides, that there should be in the ear dif-

ferent parts which are set in vibration by sounds of different height,
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and which give the sensations of these sounds. Some may imag-
ine that the mass of the vibratile elements of the ear, compris-

ing the tympanic membrane, the ossicles and the liquid of the

internal ear, can vibrate, and that it is on this property of this

mass that depends the impossibility of sonorous vibrations

ceasing with the same rapidity in the ear. But this hypothe-

sis does not suffice to explain the known facts.

" When, in fact, an elastic body enters into vibration under
the influence of an exterior sound, it takes the number of

vibrations of the latter ; but as soon as the exciting sound

ceases, it vibrates with the number of vibrations which belongs

to it when vibrating freely. This fact, which is a consequence

of theory, can be very neatly proved for tuning forks by means
of the vibration-microscope.

" Therefore, if the ear vibrate as an entire system, and is

capable of prolonging notably its vibrations, this prolongation

should depend on the number of its own free vibrations, which

is altogether independent of the number of vibratioos of the

exterior sound, which excited the vibratory motion. It at

once follows that it will be as difficult to trill among the high

notes as among those of the bass, and, also, that the two

sounds of the trill will blend, not with each other, but with a

third sound belonging to the ear itself. We have already

made known one of the sounds in the preceding chapter :
it is

the /o„ * In these circumstances, consequently, t

should be altogether different from that given us by the obser-

vation of the facts."

If we extend our law downward and upward, throughout

the range of audible sounds, we have for forty vibrations per

second a residual sensation lasting T
'

T of a second
;
while for

40,000 vibrations per second we have a residual sensation en-

during only ^ofa second. If we apply the law

tions below fortv per second, when they do not produ

and, but explo
remarkable result. Thus, the residual sensation correspondir

*I here adopt, as I always do, the French notation, which is used by Konig.
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to thirty vibrations per second should remain in the ear T\ of
a second, after the vibrations outside the ear have ceased ; then
we at once ask why is it, if the residual sensation lasts T

' - of a
second, that thirty beats or pulses per second do not blend ?
"•"^ not three distinct impulses fall on the ear in each -" "

second ? For they follow one another at thirtieths of a second.
This abrupt breaking down of the law can only be explained
by the highly probable supposition that co-vibrating bodies in
the ear, tuned to vibrations below forty per second, do not
exist, and, therefore, as there are no bodies in the inner ear to
co-vibrate and keep up these oscillations, after the ca
would have set them in motion has ceased to exist, it follows
that when the ear receives less than forty vibrations per second
it can only vibrate en masse, and the durations of these oscilla-
tions of the ear, as a whole, are far too short to remain the jt
of a second. The last supposition as to the vibration of the
ear as a mass may serve to explain why the higher notes-
tar beyond those used in the musical scale—produce continu-
ous sensations. For, to these very high sounds urn ran hardly
imagine corresponding tuned bodies; yet thev produce continu-
ous sensations. But may it not be imagined that the ear with
them does also only vibrate as one mass, and that the duration
of this vibration is sufficient to give continuous sensations from
pulses following at the rate of several thousand per second ?
-But tor notes thus perceived, without the intervention of cor-
responding co-vibrating parts in the inner ear, differences of
pitch should be difficult, even impossible, to distinguish, and
this we find to be the case.

The fact that the durations of the residual sensations dimin-
ish, as the numbers of vibrations producing the sounds in-
crease, leads to the knowledge of a new and curious phenome-
non m the physiology of audition, viz: that the timbre of a
composite sound begins to change at the instant the vibra-
tions, outside the ear, have ceased; for from that i, .taut the

sensation becomes
acter, until at last only the simple sound of the fundamental
harmonic remains m the ear, and soon after, this sens
vanishes. Thus, after the vibrations of an UT„ reed pipe con-
taming twenty lmrmon.es have eeased. the r, H(i nal sensation of
the twentieth harmonic, or that hi J.-m ,,, piteh. disappears inme „T of a second; but the sensation of the fundamental, or
lowest harmonic, remains in tin- ear - ., a ,

sensation of the highest has vanished;
remains T¥ ot a second after the eessat .. . ., the - - i

the harmonic next above it

sensation u

The successive rates of increase of the ordinates of the curve
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(which expresses our law), as we go from that ordinate belong-
ing to the highest note to that belonging to the lowest, repre-

sent the rate of successive extinctions of these harmonics in

the composite residual sensation. These successive changes in

timbre are well illustrated by sounding all the twenty forks of
the harmonic series of TJT 3 and then stopping the vibrations

successively, in going from the highest to the lowest.

The remarkable phenomenon we have just described also has
its counterpart in the analogous series of changes in visual sen-

sations which happen when the eye has received the sudden
s of a bright white light and is then immediately closed

darkness. Thus, the average duration of the residual sensa-

tion in the eye is the j'T of a second for lights of moderate
intensity ; but if the image of a bright cloud be received on
the eye for {of a second, the " positive sensation" remains for

twelve seconds. The duration of this residual sensation de-

pends on the color ; lasting longer for red than for violet and
longer for violet than for green. Here an analogy with our

sonorous sensations is presented, for those aetherial vibrations

producing red are fewer in number than either green or violet,

and the sensation of red lasts longer than either green or violet,

and, therefore, it follows that we should have the residual

image of the sun go through these changes—white, greenish-

blue, blue, violet, purple, red ; and this is what really happens

when the sun's image is momentarily formed on the retina and
the eye then kept in darkness.

The above analogv is, however, Hy is estab-

lished that the residual sensation of violet lasts longer than

that of green, when the vibrations, giving these two colors,

have equality of energy. The analogy also is one of sensations,

not one of I -ring between the agents and the

sensations they produce ; for, in the case of the ear, auatomical

facts give us bases for the explanation of the ear's power of

effecting a sonorous analysis, and for the understanding of the

reason of our law of the duration of the residual sensation. In

other words, in the ear we have laid before us the mechanism
of (1) the receiving apparatus, of (2) the transmitting appara-

tus, and of (3) the sensory apparatus : but in the eye we com-

prehend only (1) and (2), but we know as yet nothing that gives

us an understanding of the dynamics of the sensory apparatus.

For, has modem histology given us any facts concerning the

structure of the human retina which point to the es

ment of Young's hypothesis of three distinct sets of retinal

nerve terminations? The more we study the minute -

of the retinal rods and cones, the farther appears to remove an

understanding of the mode of operation of fcl

of the eye. May not research in this direction be guided by the

hypothesis that the molecular constitution of the retinal rods
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and cones is such that their molecules are severally tuned to the
vibrations corresponding- to the colors red, green and violet?
Ihis would lead us to look for effects of actinism on the retina
as showing the link existing between the transmitting and sen-
sory functions of the eye. Do not the facts of the known per-
sistence of < er it has been once initiated, and
the time which would be required for the retinal molecules to
recombme, or rearrange themselves, after the astherial vibrations
had ceased, comport with the known durations of the residual
visual sensations, and with the main facts of physiological
optics, better than the hypothesis that masses of the retinal
elements are set m vibration, rather than their molecules ?

5. Quantitative applications of the Laws to the fundamentalfacts
of Musical Harmony.

To show the full value of these laws in introducing quanti-
tative precision m the explanations of consonance;:
nance would require an extended space; we here present only
such application as will serve to show their importance in giv-

clear and simple guides in reasonings in the physiological
theory of musical harmony.
We have seen that in the case of the simple sound C„ of 64

vibrations per second, that 16 beats gave i
tion

;
therefore, to determine the nearest coi

this sound, we have 64 : 64+16 :: C : E .

;
interval of C, is its major third onlh7natora? scale.

- our law the nearest consonant interval of C-,
of 128 vibrations per second, we have 128 : 128+26
here the minor third on the natural scale is the nearest con-
sonance. In the following table we give the determinations of

Z^iz^z::* intervals of the sim?ie ™** °f the cs

Cj of 64 vibrations, interval= major third

c;« LI :: ::

=™hird:

C
4
" 512 « « Z

C
4
« 1024

C
6 " 2048 « « = one tone minus 14- of a mitone

est^onSn!
S

f
6
-^

at W
1

hile ? the neigQb°rhood of C. the near-er consonant interval is the major third, that in the octave of

This re^H "t
COnTant interval has contracted to a tone.Ihis result shows why it is that the middle portion of the

basVS XTJ&'M??' °f iUufati°»> determined the above i

joined actional the t^ouST'^\Z^**™ Prod-
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musical scale is best adapted for expression, and is most used
in musical composition; for, while in the lowest octaves the
available consonant intervals are few on account of the spaces
separating them, in the higher octaves the consonances are so

contracted that these hig
1

sharpness of definition.

It is here to be remarked that in our experiments we have
obtained continuous and discontinuous sensations from beats

produced by one sound of a constant pitch ; but with musical

intervals we obtain beats from two sounds differing in pitch.

In the latter case DeMorgan, Grueroult and Mr. Sedley Taylor
have shown that there exists a variation, or oscillation, in

pitch whenever the two sounds are not of the same intensity.

Mr. Taylor,* from this fact, advances the idea that these oscil-

lations in pitch cause a noise in place of a sound, and to this

result is due, in great part, the dissonance produced by beats

of two different sounds. He brings forward in support of his

opinion experiments with a tuning-fork, rapidly spun in a

lathe ; where he states that no alteration in pitch, but only

alteration in intensity, can take place. I have repeated this

experiment, but have not been able to confirm his observation,

on account of the change in pitch which takes place almost as

soon as the fork is rotated. Indeed, I have thus succeeded in

elevating the pitch of a fork to nearly a minor third. But
assuming that this explanation of dissonance is correct, yet our

views hold good when we consider intervals formed of sounds,

equal in intensity.

Helmholtz (Tonempf., ch. viii, p. 258 et seq.) states generally

that, in the higher regions of th< ty to forty

beats per second give rise to the most disagreeable (li-

mit that if these beats follow so rapidly that about 132 fall

upon the ear in a second, then the sensation they cause is

smooth and continuous, and the two notes producing these

beats form a consonant interval. Helmholtz, at the same time,

dwells with emphasis and with some minuteness on the addi-

tional important fact, that the dissonant and conson;

of beats do not altogether depend on their frequency per sec-

!.'.-. -

producing these beats. Tyndall, in his otherwise admirable

little book "On Sound," has overlooked the latter impor-

tant fact, and while assuming broadly that 33 beats per

second- no matter what the pitch of the i;

—give the neatest dissonance, while 132 beats per second give

consonance, he has made logical deductions from these pre-

mises which do not bear the test of experiment or conform to the

experiences of musicians. On page 299 of Tyndall s work we

* On the Variations of Pitch in Beats. By Sedley Taylor, Esq., Phil. Mag.,

July, 1872.
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read
:
" Does this theory accord with the facts that have been

adduced ? Let us, in the first place, examine our four tuning-
forks, to ascertain whether their deportment harmonizes with
this theory. And here let me remark that we have only to do
with the fundamental tones of the forks. Care has been taken
that their overtones should not come into play, and they have
been sounded so feebly that no resultant tones mingled in any
sensible degree with the fundamental tones. Bearing in mind,
then, that the beats and the dissonance vanish when.the differ
ence of the two rates of vibration is ; that the dissonance is
at its maximum when the beats number 33 per second ;

that
it lessens gradually afterward, and entirely disappears when
the beats amount to 132 per second,—we will analyze the
sounds of our forks, beginning with the octave.

" Here our rates of vibration are

512-256; difference=256.
"It is plain that in this case we can have no beats, the differ-
ence being too high to admit of them."

+

Bf I
f P n, in place of the above forks,

two forks giving 40 and 80 vibrations per second, he would, ac-
cording to his premises, have made this octave a most disso-
nant interval

;
for would he not have had (80-40=40) forty

beats per second entering his ear ? Similarly, if we assume that
46 beats per second always produce the maximum dissonance,
tnen even the interval C, : C a , which gives a difference of 64,
is tar removed from consonance

Prof Tyndall then proceeds: "Let us now take the fifth.Here the rates of vibration are

384-256
; difference=128.

"This difference is barely under the number 132, at which the
beats vanish

: consequently the roughness must be very slight.
Taking the fourth, the numbers are

384-312; difference=72.Sn
We are

+

cleai
Jy

wit
,

hin ^e limit, when the beats vanish,
the consequent roughness being quite sensible

Taking the major third, the numbers are

320-256; difference=64.

3™^ are
-

StiU further within the limits
>
and

>
accordingly,

the roughness is more perceptible.

i« prS^i ^ SGe **?* the dePortment of our four tuning-forks

distant lobeTs^
6 ^ ^ "Potion which Ligns

sou^h wlnVhe
?
W intervals were formed of simple

the limit where the beats vanish," and "the consequent rough-
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ness" referred to does not exist. Thus, in the case of the fifth
(384-256; difference -128), the blending would have been
reached, according to our law, bj fiftv-six beats per second.
In the case of the fourth, (884-312 : diffeivnoe= 72), the blend-
ing is reached by sixty beais

; while with
—256; difference^ 64), fifty-one beats give the limit of dis-

sonance. All of these intervals are really consonant, and any
musical ear will attest, on repeating the experiments, that the
intervals cited cause no perceptible roughness. Indeed, the

a ions cited by Prof. Tyndall, when formed of simple
sounds, are all eminently consonant intervals, throughout the
whole range of audible sounds. The same criticism applies,
with nearly equal force, to the experiments on pages 302 to

304, cited as illustrating' ilehnholtz's hypothesis. Any one
may convince himself of this by means of free-reed organ pipes
brought rigorously into these intervals on the natural scale.

These criticisms on the book of my friend Professor TyndaH
are not given merely for the sake of criticism, but because his

eminence as an original investigator, and his great power as a
popular teacher of scientific truths,' have given an extensive
distribution to his writings, and I am sure he will be obliged to
any one who, in the
work, written to diffu:

more efficient in accomplishing thi

Art. XXII— On the Thermo-electrical Properties ofsome Minerals

and their varieties;* by A. Schrauf and Edward S. Dana.

thermo-elec-

minerals are in

part positive, and in part negative, in contact with copper, and
that on this account, they hold different positions in the

thermo-electrical series.

If, for example, in the series given by Seebeck,f we number
bismuth 1 and tellurium 34, we have as

No. 5 Platinum (pure). No. 7 Copper (pure, from CuO).

No. 14 " (2). No. 12 " (commercial).

No. 28 " (1). No. 21 " "

These variations recall to mind the property which belongs to

all metals, of suffering very great changes in cohesion, elasticity,

etc., in consequence of a minute admixture of some foreign sub-

stances.

l»x, Marc!
sociation at _ _

t Seebeck, Gilb. Ann



256 A. Schraufand E. & Dana—Thermo-electrical

This important fact has been well established in the case of
gold and iron.

The variation from + to -, however, has been shown to
characterize crystallized minerals as well as the amorphous
metals. Hankel,* Marbach,f Friedel^ and G. Eose|| have in-
vestigated *

, c rystals of
pynte and cobaltite. Friedel first suggested the connection
between positive and negative thermo-electricity and right and
left hemihednsm, but did not pursue the matter further : evi-
dently because, in the case of pyrite, the morphological and
electrical relations do not allow of definite determination.

§

Kose attempted to obtain a solution of the same problem by
identifying ± with right and left hemihedrism. For the correct-
ness of this supposition, however, there has been as yet no con-
clusive proof, while, on the other hand, more intricate hypothe-
ses seem to be required for its support! For minerals which
do not crystallize hemihedrally, this hypothesis of Eose is evi-
dently inapplicable

; and, what is more, if accepted, no varia-
tion in electrical character should, in such cases, be expected.
It is here important to mention that, some years before the in-
vestigations of Rose, exceptions of this nature were observed
by Prof Stefan ;** he found granular galena negative, crystal-
lized galena positive. ° '

J

The thermo-electrical series, recentlv published by Flight,ff
also attords several such examples. His list embraces a large
number of minerals. Making hematite 1 (at the negative ex-
tremity of the series) and fused chalcocite (No. 3) 56 (at the
positive end), we find, as below

:

Chalcopyrite (1) is No. 2
Fused chalcopyrite (1) 21
Galenite 4
Fused galenite 31

What changes, if any, these natural sulphids underwent in c
sequence of being fused, do not appear to have been accural

tigated although this is a point of the highest interest
clear from the last observations that an explanation is

an altered condition of aggregation.

isSSS»"
cu as true, it aoea kdmitnf ™-™f
J

Compare on thia subject,

++1& ?
,tzun

#s
^.

d
- k Akad-

tt Flight, Ann. d. Chem. u. Phar
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The view of Franz,* that the direction of the stream (±) in

bismuth depends upon the cleavage lamellae, offers a satisfac-

tory explanation of some of the phenomena,f On the other
hand, the right or left hemihedrism entirely fails to account for

the change of ± in holohedral or amorphous fused materials

;

an in sue cases ot er causes must exist an must e soug t

It was with great pleasure, consequently, that we availed

ourselves of the kindness of Prof. Stefan in putting at our dis-

posal a very sensitive galvanometer belonging to the Physical

Institute (Vienna) ; and we take this opportunity to acknowl-
edge our obligations to him.

2. The thermo-ek< tt cl minerals can have
as its object either the determination of their absolute position

in the series, or their relative position upon contact with copper.

Of these, we selected the latter, since our attention was espe-

cially directed to the exceptions, as they may be called. Our
method of investigation, consequently, was identical with that

which has been made use of and fully described by Prof.

Stefan and G. Eose. We mention here merely that the homo-

geneity of our copper wire was carefully ascertained. The
wire when warmed and brought in contact with the cold wire

left the needle in complete rest,^ so that no considerable error

in consequence of subordinate currents is possible.

A series of preliminary experiments was devoted to estab-

lishing the relation between form and thermo-electricity, especial

attention being directed to determining the influence of the sur-

face, and of hemihedrism. The following results were obtained :

(a.) In galenite, cobaltite, and pyrite, the interior of the crys-

tal has the same electrical character as the surface under normal

circumstances; consequently, the particular planes by which

tin- crvstals ;nv bounded have no influence upon the ± sign
' -ned),

directions,Ta"veThe~awne electrical character with the mass as

(c) In tetrahedrite and chalcopyrite, which crystallize liemi-

hedrally, and with the most complete opposition of right and

i be discovered.

I

i change of ± could 1
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(d.) On crystals of pyrite the d= por- 1.

tions are sometimes distributed very
irregularly (fig. 1), and any explanation
of this by the supposition of a twin
structure is impossible. We should
have to assume, in this case, a parallel-

wise interpeuetration of the different

individuals or lamellas.

(<?.) The majority of the pyrite crys-
tals are negative in relation to copper

;

the positive portions appear often to be only thin layers, of a dif-
ferent nature from the mass of the crystal. Homogeneous +
pyrite crystals are exceedingly rare.

These results show clearly that an investigation of the
thermo-electrical properties of minerals is of value only when
their chemical composition is known. It is well known how
much the composition of individual minerals varies; how
questionable it is, for example, whether different pyrites have
the same composition * As before observed, a minute admix-
ture of foreign materials mav exert a very decided influence
upon the applicability of the metals in the arts, and conse-
quently upon their physical characters. On this account our

- m the following investigations, was directed espe-
cially to the chemical side of the subject; and, without mean-
ing to overlook the connection between the form and the varia-
tion of d=, we endeavored, first of all, to determine the

• -if. To this end the varieties of
especially well adapted and, in fact, out

lids and tellurids of cobalt,

. .. ~e successful in finding some
examples capable of showing the relation between the thermo-
electricity and the chemical nature of the minerals. It was nec-
essary first, however, to investigate a large number of species.

6. Our results m regard to the thermo-electrical character of
the minerals tested related throughout to their behaviour in
contact with copper. The position of the wire employed was

itely not exactly in the middle of the thermo-elec-
trical series as given by Seebeck (1. c.), but on the other hand
near pure gold and silver. It was to be expected, in conse-
quence of this, that the larger number of substances would be

SfS^TV
11 T 1° C°Pper Wire

; and the observations were

HPrePnTw
nCG

+

Wlth^ A nUmber °f mlnerals which 8*™ D°
perceptible stream, and are consequently marked in the fol-
lowing hst, might perhaps be + in contact with a different
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piece of copper. But these facts have only a minor import-
ance in this investigation. Cobalt, m'ckefand bismutn are
strongly negative, and iron strongly positive : their sulphids.
on the other hand, act still more vigorously on the needle of
the galvanometer than the native metals. The variation from
the true result, occasioned by the relative position of the cop-
per wire used, must consequently be quite unimportant.

A. The following minerals gave no electrical stream in contact
with copper. Taking into consideration the position of the
copper employed by us, as just explained, these minerals must
stand nearer the positive end of the series (except so far as
their non-conducting power was the occasion of the negative

Argentite Ag2 S isometric.

Acanthite Ag~S orthorhombic.
Sphalerite ZnS isomet. hemihedral.
Alabandite MnS
Hauerite
Rutile Ti0

2
orthorhombic.

Brookite Ti0 2

•VV

Boulangerite Pb
3Sb2S 6

Kobellite Pb 6 Bi2Sb2S 12
Sartorite PbAs2 S4

This list of minerals investigated embraces unfortunately the
majority of those substances from which we expected to throw
great light upon our subject

Tn the dimorphous group of the silver sulphids the change
of form does not* correspond to any variation in the thermo-
electrieal properties. Argentite and acanthite are in this re-

"~~ct similar, so also rutile and brookite. In sphalerite, also,

form seemed to have no influence, although right and left

- a is distinguishable. Alabandite and hauerite were
selected in order to show the influence of an increa~

centage in sulphur. The group boulangerite, kobellit

ite and antimonite were investigated in order to ascertain tucn

relation to galenite ; but no essential differences were observed.

It is to be mentioned that (in consequence of their containing

antinionv) they stand nearer the positive end of the series,

while galenite, "on the other hand, is strongly negative.

B. ThefoUmoing minerals* are positive (+\or negative (-), in

con fact with copper:

1. Bismuth compounds. [JBi— ]

Bismuthinite Bi2S 3
— Sweden.

Tetradymite Bi 2
(TeS) 3

— Schubkau,
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Tetradymit*
Wehrlite

2. Nickel

Millerite

Gersdorffite

Ulln

+ Georgia, England.2 (TeS) 3

2
(TeS)

4 + Hungary.

nis

Niccolite

Rammelsbergit
Grtinauite

Pyrite (containing Ni) F

3. Cobalt compounds.

Linnaeite

Smaltite

Cobaltite

Ni(AsS) 2 "- Schladming
Karinthia.

x\i2j\s2 — Pribram.
NiAs

2
- Hesse.

jNiBiFeCu)S _ Siegen.

t+4#Ni — Dramen, Norway.

Galenite

Clausthalit

Lehrbachit

CoAs'

Lead compounds.

PbS

[Co-]
Co

3S4 _ Mtisen.
(CoFeNi)As2 - Saxony, H
Co(SAs)

2 +_ Sweden.
(CoFe)(SAs)

2 + _ Hakansbo.
(Col;i. M SA^i, _ Onuvitza.

PbSe
(PbAg)Se
(PbHg)Se
(CuPb)Se

Silver and Gold compound. [AgAu O]
Sylvanite (Ag,Au)Te

2
—

6. Copper compounds. [Cu 0]
Chalcopyrite Cu2Fe 2S _
Bornite Cu

6Fe g
S* +

Tetrabedrite Cu,Sb2 S„ o +
Chalcocite Cu

2
S -L

Berzelianite Cu2Se
Zorgite (PbCu)Se

1. Iron compounds. [pe _m
Marcasite FeS„ -i

Pyrite

Skutterud, Kongsberg.
- Modum, Tunaberg.

[Pb~]
- Usual varieties.

+ Monte Poni
- Harz.
- Harz.
- Harz.

H— Variable, mixture ?

Variable, mixture. Harz.

Pyrite (containing Ni) FeS
2 -f 4*Ni

Pyrrhotite Fe
7S

Hematite Fe2

8

Magnetite Fe 3CK
Leucopyrit

Lollingite

r.-,o

FeAs^

Fe2As 3

Piedmont, Devonsh
Turinsk.

Most localities.

Drammen, Norway.
Sweden.
Brazil.

Monroe.
Andreasberg, Scb
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Mispickel Fe(SAs)
8 + England.

f « - Freiberg.
M (Weisserz) (FeAg)(SAs), - Freiberg.

Danaite (CoFe)(SAs) 2 + Franconia.
" — Norway.

Although tables A and B embrace a considerable number of
minerals, they afford only a few general conclusions.

(a.) In the compounds of the negative metals Bi, Co, Ni, Pb,
the character of the metal outweighs that of the S.

(b.) The addition of antimony has the result of weakening
this negative character; that of tellurium strengthens it.

(c.) In combination with iron the arsenides are negative, but
the majority of the sulphides positive.

4. A more accurate understanding of the relations between
chemical nature and thermo-electricity can be obtained only
from those minerals which are sometimes +, sometimes —

.

Thus, while in the case of iron, copper, and nickel, the addition

of an equivalent of S or As takes place without electrical

change, other minerals show a change in sign when the min-
1

' ial formula seems to remain unaltered. With the ex-

of the observations of Stefan on galenite, those on
pyrite and cobaltite are the only other published examples.

These latter have been the basis of a very one-sided theory, as

it seems to us, although this was natural," since the two species

in question are similar in their hemihedral forms.

As a result of our observations, we have succeeded in adding

four new cases of minerals with this ± variatioa We are in-

clined to lay especial stress upon these, because these minerals—

tetradymite, glaucodote, mispickel, skutterudite—are not hemi-

hedral, so that the change in electrical character cannot be con-

ditioned on right and left hemihedrism.
These cases we regard as proving the dependence of the

thermo- electricity upon the chemical composition.*

In order to give the proof of this, it is necessary to introduce

into the following tables, besides our observations on the thermo-

\ also°the determination of the chemical composi-

tion and the density,f We did not fail to recognize t

bility of an exact analysis for each mineral whose electrical

character was investigated ;
but in the absence of them we

taken from other authors, a
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endeavored to supply the want approximately by determining
the specific gravity wherever this was possible.*

A. Tetradymite.

Te
S
Bi
Fe
Ag

Schubkau Orawitza Georgia England
i

•

..'.'

+ + — _
34-6

60-0

Wehrlef

35-9

4-2

593

Frenzel J

51-5

Balch
||

?

29-7

2-3

Wehrle §

G= 7*30

Wehrlef
7-868

Balch f
The tetradymite discovered in 1873 at Orawitza had the same

electrical character as that long known from Schubkau and
Deutsch-Pilsen. The composition of these three Te-Bi com-
pounds is in fact similar, and they contain a small amount of
sulphur. The variety from Dahlonega, Geomia. is re .arable
for its well-established want of sulphur. In these compounds,
as also m sylvanitr. the tellurium has an increasing action in a
negative direction, while sulphv the small
amount present, acts in a positive direction.

B. Banaite.

Franconia. Hakansbo. Skutterud. Modum.
Lollngite.

FeaAs s

G= 6-335 6-096 6-159

As
S
Fe
Co

41-7

17-8

32-9

6-4

Hayes.**

46-7

17-4

26-2

9-1

Scheerer.ff

65-8

1-8

32-3

Karsten.ft
G=

Variety Ver-

6-08

6-059

mean of several trials. The
oe siaiea as n 0-002.

vkEns.
J
&£?°t it

l

*z. 4
Fre°"'' Leonh- Jahrb -' ie73 '

800'

l*le' Baumgart. Zeitsch. Wien, vol. xix, 144

eerer, Pogg. Ann., vol. xlii, p. 546.

(I Dana, Min., 1870, p. 79.
t Karsten, Dana Min.,
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Besides the Danaite, we have added, for the sake of compari-

son, the chemical composition of lo'llingite. Taking into con-

sideration the fact that, in the compounds, arsenic and cobalt

play the part of negative elements, but iron and also most of the

sulphids that of positive, a partial explanation of the change of

± becomes possible. In the crystals from Franconia the per-

centage of FeS is larger (=50 ;
7) than that of AsCo (=481).

The reverse is true in the danaite from Norway, where FeS
=43-6 and CoAs=55-8. These varieties show a very marked

i in specific gravity.

C. Skutterudite.

G= 6934

Tunaberg. Skutternd. Kongsberg.

As
Co
Fe

19*5

Wohler*

The specific gravity of the varieties from Tunaberg and

Kongsberg could not be determined, as in the specimens at

hand the mineral was in small imbedded portions. The varia-

tion in the case of the varieties from Mod urn and Ski

especially remarkable. Complete crystals from the Skutterud

locality were investigated, as well as massive specimens ;
they

were all -f-. Skutterudite is isometric, but no hemihedrism has

been observed.

Hakansbo. Chili.

G= 6-011

TOt
'

5-905

?

S
Co

(F
Tpearl):

*° 440 (F

T^aV
t°

202

0=
Lndwiar.t

-

fflaucodot have often a length of H inches.

the cleavage is both
The crystals of gla

They belong to the orthorhombic system ;

basal and prismatic, and may be obsen

outer layer of the crystal, but also in the central, although less

perfectly. About twenty large crystals from Hakansbo were

* Wohler, Pogg. Ann., vol. xliii, 591. ... 1tffl

t Ludwig, Site .:
i

"^nna, I, vol. lv, 44d, 1867.

t Plattner, Pogg. Ann., vol. Ixvii, 127, 1849.
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while the kernel

? be filed away, tl

;d, all of which showed the same abnormal behavior.
* shell, 2mm. in thickness, on all the planes, was neg-

vas always positive. If 2mm. of the

3 — shell passes gradually into the +
kernel

;
all fracture surfaces are in the same way +.

_

In one and the same crystal, then, we find this change of
sign. Such a case especially in the orthorhombic system does
n

,

(,t '- ""
; "'.'.-' .Ming assumed as an explanation.

Taking into consideration the great variation in the specific
gravity between the exterior and interior portions, as shown by
our determinations, it is fair to conclude that the change of ±
depends upon some change in the composition. What this
change was we were not in a position to determine. The
blowpipe beads from the outer and inner portions (CoFe)As 2 ,

in the usual manner, were both negative. Their per-
centage of cobalt was almost the same ; one experiment, for
example, gave approximately 19 -5 per cent Co. The varia-
tions are consequently, in all probability, caused by the ele-
ments Fe, S, as in danaite.

It was a matter of great regret to us that we were unable to
r investigation any of the glaucodot from Chili. The

analysis of this species is placed in the above table, as the com-
parison of two analyses shows the possibilitv of the variation
in *e just mentioned. In the glaucodot from Chili the rela-
tion of Co to Fe is 2:1

; in that from Hakansbo 5:4 It is evi-
dent from the specific gravity that the analysis * of the glauco-
dot from Hakansbo was made from a fragment containing
both shell and kernel.
An observation of Tschermak f adds plausibility to this

Hypothesis of a variation in the amount of Fe. He describes
eobaltite imbedded in the o

of glaucodot. In the transition fron
the elements Fe and Co are alone in
their relative proportions, thus

:

er portion <

glaucodot to eobaltite,

>lved, and then only in
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The ± varieties are distinguished here, as in all other cases

mentioned, by their specific gravity.* For the sake of com-

parison, kobellite has been added ; in it, the negative charac-

ter of the lead and bismuth is neutralized by antimony. What
part the admixture of Sb, As and Ag play in galenite is uncer-

tain. We note here that we found bismuthinite to be - but

boulangerite 0.

F. Cobaltite.

Over four hundred and eighty crystals of cobaltite were in-

vestigated : of these, the majority were negative, corresponding

to the excess of the elements Co and As : only a quarter of

them were positive. The crystals themselves are homogeneous

and, unlike those of glaucodot, show no difference between

shell and kernel. The following are the observations, arranged

according to crystalline form.

Cube prominent 49 +
Octahedrons " 242 -
Pyritohedrons " 32 +

Rose regarded the =b character in this species as dependent

upon the right or left hemihedrism. A proof to the contrary,

from the consideration of the crystalline form, is not possible,

as the proof itself lies in the supposition. It is of more im-

portance, therefore, to ask whether all crystals are of the same

composition. All cobalt compounds contain iron to a varying

extent. If the other constituents are constant, the specific

gravity must increase with the percentage of cobalt
;
the den-

sity of cobalt is greater than that of iron. With this in mind,

n i, int. lligible that for glaucodot we have G=6-0, for cobalt-

ite G= 6-3 (mean value, compare analyses above).

This consideration led us to determine the specific gravity of

a very large number of the crystals of cobaltite whose electa-
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cal characters had been tested. We give the result in a num
of individual cases.

- + Exceptions.

G=6-375 Octahedron 6-072 "j +
6-370 Oct. 5-934 6-411 Cube
6-356 Oct. Tunaberg 6-046

|
6-415 Cube, Pyr

6-341 Pyr., Oct. 6-010 1 Cube alone
6-442 Cube Pyr. 5-927 (from Tunaberg
6-387 Oct. Pyr. 5-905

6-160
j

6*215 ) Pyritohedrons from
••J.-:: .-Ifnknnsl.n

6-208
| Pyr. from

6-265
) Tunaberg

5-984 Pyr. from Skutterud.

i conclusions, that the crystals rich in cobalt are nega-

tive and have a higher specific gravity. We may, however,

with more certainty conclude that the octahedrons are negative

and have G>6'30, while the cubes are positive and have

G<6\L; the pyritohedrons vary in sign ±, and have G>61.
We found also two exceptions in the density, which we place

beside the others without attempting an explanation by the

suggestion of a possible admixture of nickel.

G. Sulphides of Iron.

The important work of G. Eose has directed especi

tion to this species. On page 258 we have already given some

results, which we obtained under the supposition of some es-

sential connection between form and electrical character. A
few observations are here added which relate especially to the

chemical composition.

i-019 Elba
=5*020 Piedmont
=5'195 polished
crystals. Zephar.\

G=4 ^6 ) Cubes
=4-941 [Devon.
=4992 Cube I

=4-998 Turinsk.

Among the very large number of crystals we were able to

im estimate, we found only a few which over the whole surface,

a* ell as in the interior, were homogenous +4 This will ex-

plain the small number of determinations of specific gravity.

* Flight, Ann. Chem. Pharm
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The abnormally low density of the cubes from Devonshire

suggests that they may be altered material, pseudomorphs of

re after pyrite. The mineralogical habit is still that of

pyrite, but the polish of the planes is gone. Some + spots

upon other — crystals would perhaps have a similar explanation.

The higher specific gravity of pyrite in comparison with

marcasite, and its — character (marcasite +). and its crystalline

form resembling that of cobaltite. m:iv possibly all have the

same cause, viz: the admixture of Cu, Ni, Ag, An. which

gives pyrite it- m. tallunrical value. The ± varieties of FeS 3

are also distinguished by their density. We do not venture to

draw any further conclusions from these scanty observations.

5. By the preceding investigations, the fact has been estab-

lished that all =b varieties of minerals are distinguished also by

their specific gravity. It is remarkable that for tetradymite,

glaucodot, skutterud'ite, galenite, cobaltite ai

of the positive variety is less than that of the negati\ e \ anety.

We simply mention this fact without wishing to establish any

dependence of the thermo-electricity upon the density in general,

the specific gravity having been taken by us as merely an in-

direct method of arriving at the chemical composition. Ine

influence of the form upon the densitv we have atten

exclude by making our comparisons only with varieties naving

the same "structure comparing crystals with crystals, massive

specimens with massive. The effect of the temperature* was

also eliminated so far as possible.

With reference to the influence of the form upon the thermo-

electricity we may remark in conclusion : The invests

alloys of SSe, of BiS, of the oligoclase feldspars, of (KaN aY,«Ji

hasVl , form does not change wit. the

e< >mp< -sition hv iv_ rather by abrupt leaps

and consequently remains identical within certain limits ot

chemical variation. The density, optical properties, and, as

we regard it, thermo-electricity give a sharper indication as to

or difference of material thai, the <a, ,tal line form.

Before establishing relations between the form and thermo-

electricity, it must first be shown that the material in band is

identical. , . _„ fr,Q
Our observations have demonstrated that in some cases the

i thermo-electrical character corresponds
,

to a change in
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Art. XXIIL—On the Possible Periodic Changes of the Sun's

Apparent Diameter ; by Simon Newcomb and Edward S.

Holden.

The question whether the sun's apparent diameter is subject

to any changes which can be detected by observation, is one

which has frequently engaged the attention of investigators.

In 1809, von Lindenau examined the Greenwich observa-

tions of the sun, from 1750 to 1755 and from 1765 to 1786,

and he was led to the conclusion that the sun was an ellipsoid

with a compression of 2i,7 to T^ (Zach, Monat. Corr., 1809, June).

Bessel, in the following number of the same journal, showed
that a progressive shifting of the frame which held the reticle

of the Greenwich transit instrument would account for the

periodicity in the observed values of the solar diameter, and

since that time, the generally accepted conclusion has been,

that the figure of the apparent solar disc was circular and its

diameter constant.

In Gould's Astron. Journal, iii, p. 97, Winlock has given a

discussion of the Greenwich observations of Bradley, and in

the course of the investigation the varied personal errors of

various observers are obtained for the first time.

It is to be noted, moreover, as a point in the history of this

question, that Bianchi (Astr. Naeh., No. 213, bd. ix, col. 366)

rediscussed this subject (1831), apparently without a knowledge
of Lindenau's research, and that he found the solar compres-

sion to be ¥|T. By different combinations of his data, he,

however, obtained values for this quantity varying from -j^Vs

LeVerrier (Annates de VObs. de Parts, tome ivleme
, p. 69)

also examined this question, and by a process, which he merely

indicates, arrived at the conkusi it ion in the

sun's diameter so great as B *02 was likely to exist.

Since that time the question has not been directly discussed

until it was raised by Secchi, whose observations and i

zu Berlin, May, 1873). As the date of this is so recent we shall

merely refer to it in passing, calling attention also to certain

papers by Respighi and Secchi in the Comptes Rendus, 1873.
In the Vierteljahrschrift of the German Astronomical Society,

January, 1873, Wagner has given a discussion of some of his

own transit observations, which show that the state of the sun's
image as to sharpness or goodness of definition has a direct in-

fluence upon the observed value of the diameter.
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That is, if with Wagner an observer assigns a weight to each
observed transit of the sun, this weight expressing the goodness
of the image as to steadiness and definition, it will be found
that each class of observations so defined will give a diameter
peculiar to itself, and differing in a constant way from the

diameters deduced from the other classes. Dr. Gylden has

found the same thing to be true of observations of the sun's

vertical diameter made with the Pulkowa vertical circle, and
Dr. Becker of Neuchatel corroborates Wagners results for hori-

zontal diameters. We shall have occasion to revert to Wag-
ner's statement, and to show that the observations of both

diameters mad.- at Washington in the years 1866 to 1870 en-

tirely confirm it.

The great importance of the conclusions drawn by Secchi

from his observations has induced us to test them by a method
different from those of Auwers and Wagner. The difficulty

which besets this entire subject i- to distinguish between actual

a of the sun's diameter and errors of observations.

When, like Auwers, we take a number of series of observations

extending over a considerable period, we find with great proba-

bility that there is no considerable variation with a period

varying between several weeks and a year. But the number
of observations is so small that entire certainty with resp«rt_ to

small variat

.

et to variations having

a period of only a few days, cannot be attained by this method.

Whether we take the mean by days or by months, we shall

find the mean results for different days and different months

to be different, and it will always be impossible to say that

these differences are wholly due to errors of observation.

There is another way of considering the subject by which we

may hope to attain greater certainty. Suppose we have two

series of observations of the sun s
J

< UJ
at two different observatories, so that each observation oi the

one series is accompanied In a - m t neous one of the other

series. Then, if the outstanding difference between ea :. i i a-

sure, and the mean of the whole series to which it be

due entirely to the accidental errors of ob»
be no relation between the differences of the two series, but.

if a portion of the difference is due to an a

sun itself, the differences which are positivi

will be accompanied by a prepow mierence*

in the other series. For on the davs wbi

than the average, the probability of finding a positive correc-

tion will be more than £ at ea hence toe

tv of an agreement of sign will be greater than }. If

the probability in each case be i+a, it is easy to see that the

probability of an agreement will be £+ 2a 2
.
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Our results should, however, depend, not on a simple enumera-
tion and comparison of the signs of the residuals, but also on
the magnitude of the latter, and we may secure this dependence
by taking the algebraic product of each residual of the one
series by the corresponding one of the other. If the residuals
are purely accidental, the mean value of these products should
approximate to zero as the number of observations is increased,
while in the case of actual variability it will approximate to
some positive limit. Let us investigate exactlv what
will be.

If we have two determinations of any quantity, each affected
by a common but unknown error s, and also by independent
accidental errors r and r', whose law of probability is that

turned in the method of least squares, so that the
total errors of the two determinations are s + r and s + /
respectively

; and if an infinite number of pairs of determina-
tions are made; it is required to find the mean value of the
product (s + r) (s + r').

If the measure of precision of the determinations is put
equal to unity, the probability that any error of one observa-
tion of a pair will fall between the limits s+r and s+r+dr is

)f the

i s+r' and s+r'+dr' is

the probability that the error of the other observation of the
ii betweer "

The probability of the combination is therefore

This probability multiplied by the product of the errors is

~.(s+r)e~
rr
(s+r')e~

r' r
'dr.dr'.

The mean value of the product required is the sum of all

these products, as r and r> each varies independently from 4- oo

to — oo, or the double integral

^/
+

y;
c

{s+r')e~' ' .dr.dr'.

Integrating first with respect to r we rind

/ (s+r') e- rr'dr'=, s .f
+

e
-r>r

dr
, = sV-.
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The double integral therefore becomes

f(s+r) . e~ r
-
r
dr=

J=.
s V* = ...

The mean value in question is therefore equal to the square c

To apply this method to the case in question we should j

two series of observations, each sufficiently long and r

to eliminate every source of personal and systematic error.
Being unable to find at hand two series sufficiently extended,
made nearly on the same meridian, we have taken for compari-
son the observations made at Greenwich and Washington
during the years 1862-1870 inclusive. The difference of me-
ridian, five hours, will prevent the detection of any inequality of
which the period is less than a day, while one with a period of
six months or a year will be confounded with errors of observa-
tion having that same period, which probably arises from at-

mospheric condition. But, an inequality, either regular or
irregular, of which the period ranges between a day and a half
year, will admit of complete detection by the proposed corn-

All the Greenwich observations which we have used were
made with the transit circle : from January, 1862, to January,
1866, the Washington observations were made with the Ertel
transit and the Troughton mural circle; after this date the

Pistor and Martin's meridian circle was alone used for this

purpose.

The method of observation at each place is well known, and
it only remains to be said that all transits were registered by
chronograph. The observations are distributed as follows:

Greenwich 1862-1870
Washington 1862-1865

1866-1870

1813 1826

Many observers were employed in this work, and it was first

necessary to make the observations homogeneous by subtract-

ing from each separate " apparent error of Ephemeris diam-
eter " the " personal error of the observer." These last errors

were assumed to be constant throughout a year, and were deter-

mined by isolating the work of each observer for each year and
by fixing the mean " apparen
given by his observations,
sonal error" of that observer for that year. In some cases

some slight changes from this rule have been allowed, but the

following tables are believed to represent each observer's habit

as well as possible from the data.



272 S. Newcomb and E. S. Eolden on the Periodic

i

= ,SSS§
; j2 |2S |2S2

S
.-fill • - i' ? ?***

1

g •In! !
j

i I

s
! i

j

1".

rf

-
,«2S ;g

j

jSS j;82

\

±
ri

'?!?! j! Ml!
1
j!!

I

I

*| -it+? j+ 1 j
!+

j
j++

j

i

rtl^Ssis ''t
'•

:
i| i :g|

1

J
.ssss ;g ;

: • "\

5 !$!! !? i N! i Iff

o J •5! it?;
j j

15 jj 15

i
"

3 ?! :|!f i i i! i i I

s

s

%

1

j •?! j! i Mi ;5
j

jl:

* '!? |!| M! |!| Iff

I
I

~
j»© IS©

i
\t \i\t

;
;-

« .83 :ss
;
:§ :g2 : :s

g
*| *?t Iff ! 1+ 15+ ! !+

5-33 HI 1 1| || |
;!

»
S-S-S-S-3—

—

|*H!"N -^
; ; i

;

~

|s|- 1 111 M

!

9?
i i i i

sM '+ +
1 !+

i

--
; ; : :

;

i-|'?j!i|!|
?:::!:

00 \i •! i!
s m

1

a

i^ '! If! It!

1 S ;+ i i !++

.. 1
~ o ^?9 j j j

= ?

1 1
S -5?

j
|55 i

d S2 : :ss :

'«r+»j IT*
j .'"1

II
s

-MiiNi!

11 * 5 >5 15 ! 1 1

1

:

1 s

j
!i :

j

111
IS ! ji ij

j j

2 *
j ; ;

•
j j j

;

:s :

;

1 *
* -

1
if

j [ ! j

1

"

Ui
-

1!
! ! M

!

lllji

£
i

"**"**.u



Changes in the I i apparent Diameter. 273

The next step in the process is to subtract from the apparent
error of ephemeris diameter given by each observation the

adopted personal error of the observer of that day, thus form-
ing a series of residuals for observations both of horizontal and
vertical diameter at both Washington and Greenwich.
The mean monthly residuals for each month of each year

were then formed and these are given in the following table :
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The corresponding data for Washington are given below.

These monthly means show a decided period which is proba-

bly caused, as Wagner has shown, by atmospheric influences.
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In order to test this all the Washington observations with

the transit circle made from January, 1866, to January, 1870
(during which time it was the practice to assign weights to

observations), were divided into classes according to their

weights. An observation with weight 5 denoted that the image
of the sun was steady and well-defined ; a weight 1 denoted
unsteadiness in the extreme, and bad definition. Observer "B,"
by a misapprehension, assigned weights by a different rule and
his work is accordingly omitted from the present im
The following table shows the mean " apparent error of ephem-
eris " (corrected of course for personal error). The figures in

the various columns are, as stated, mean apparent errors of



ephemeris, and the small figures below them show the number
of observations upon which each number depends.

In Wagner's paper, above referred to, sufficient data are given
to allow his work to be treated in a like way, and his observa-
tions give when so treated the following results, whicli agree, in

general, with the figures in the above table.

Pulkowa Class IV. -0-055 Wash. Weight 2-3 -0*063

observations

ent observers,

i different standard, the agreement between the resulting e

of ephemeris diameter at Washington and Pulkowa is evident,
in regard to sign at least.

To show how rough a division of sun observations according
to state of image will exhibit the effect of good definition upon
the deduced values of diameter, we further divided the Wash-
ington observations into two classes : class 1 comprises those

observations made when the cloudiness of the sky was 0: class

aes those made when the cloudiness ranged from 5 to

10. (0= clear sky, 10= all overcast.) These numbers 0-10
were but the rough estimates of the three watchmen of the

observatory, made at noon : and yet the following table shows
strongly the effect of the cloudiness upon the diameter deduced
from observation.

1870 -0-093 +0-014 -0"70 — 0'4<

The numbers in the various columns are again the mea
parent errors of ephemeris diameter (corrected). The cai

the periodicity in the monthly means being now understo

remained to free the -
'm periodic
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Greenwich 1862-70: — s-023 (

Greenwich 1862-70 : —0"-47 cos0—0"-13 sin 0-O"'O7 cos 20-
0"-12 sin 2 0.

s0+O"-21 sin0.

s0-j-O"-O2 sin 0.

Each residual error of ephemeris diameter (diminished by the

corresponding personal error) was now further corrected by the

application of a correction derived from the above formulae, and

a series of residuals formed. Whenever a Washington and a

Greenwich observation were made on the same day, the corre-

sponding corrected residuals were multiplied together, and the

sums of these products were tabulated as below.

Year.

Sums of Peoducts.
Number of Corresponding

Observations.

Hor. Diam. Vert. Diam. Hor. Diam. Vert. Diam.

1862
63

64
05

66

67

68

69
1870

-0-0492
+0-0007

+0*0094
4-0-0151
-0-0364
+0-0122
+0-0433
- 0-0843

— 19-69

- 2-10

— 12-55

+ 13-87

+ 7-20

+ 2-67

+ 6-73

- 10-86

33

40

49

37

24

11
41

54

28
39
11

25

1 -O s-1077 -23"-14 313 271

; there is a decided preponderance

esult seems conclusive against

e variability of which the pern

to some systematic tendency, it would show that the greater

diameters at Greenwich corresponded to the smaller ones at

Washington, and vice versa: a result which could arise only

from a tendency to vibrations of short period, probably not

differing much from 10 hours. We are, however, inclined to

attribute this result to chance. The mean value of the prod-
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uct of two residuals is about -8007 in horizontal diameter, and

l"-5 in vertical diameter. In the number of products added

up, the accidental accumulations of products of one sign might
very well amount to 15 times this mean, while the sums for the

individual years are not, on the whole, materially greater than

would arise from chance accumulation. Were it not so. the

most remarkable feature of the table would be the correspon-

dence of sign between the sums of residuals of vertical and

horizontal diameter for each year, which we could not expect

more than 10 times in 512=2' trials. This, if not accidental.

would indicate that during some years, 1864 and 1870, for

instance, there was a tendency to a ten hour vibration of the

solar diameter. From what has been said, we are not author-

ized to attribute this correspondence to anything but chance.

" Since the dawn of mathematical science in Europe, the

attempt to construct a machine, capable o

forming arithmetical operations, has occupied the attention of a

great number of ingenious men, several of whom have been

among the most celebrated of their time for original itv ot

genius and for the large contribution which they have made to

the progress of science."*
, , _,.

Leaving out of mention the Greek abacus and the Chinese

nan of ancient times, the first recorded attack oi^this

difficult problem was made in the tenth century by Berbal

Chancellor of France and afterward P«.pe under the title ot

Sylvester II. He is credited with the introduction into Europe

of the arabic numerals, and endeavored to construct a

ism to facilitate their use. But of his results we have no pub-

lished account. . , , AT .

The first successful device was the invention ot John .V.pi.-r.

celebrated for his invention of logarithms. His rha

or as they are better known, "Napier's bones, can hardly be

classed as mechanism, and they are too well known to need

description here. , , ^ ., , . r „„
The first actual machine of which we have detailed

tion was the invention of no less a man thai

shed philosopher of France, who in 164o pal

account of his "arithmetical machine," on the invention of

which he had spent several years.

* President Barnard of Columbia College in.the\**^«*Z£?^
of 1867. " The Industrial Arts and Exact Sciences." Harper * Brothers.

York. 1867.
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The diagram, fig. 1, will illustrate Pascal's design sufficiently

for the purposes of this article. A horizontal wheel having

ten teeth turns in an opening in the

fixed upper plate of the machine,

and about the opening are the ten

numerals. A pencil placed be-

tween the teeth at any number and

brought round to the stop will turn

the wheel through that number of

teeth and record it on the large

figured cylinder. The cylinder is

provided with two rows of figures

complementary to each other, so

that the result is addition or sub-

traction, according as we read byIone row or the other. Carriage

f] 1 n| was accomplished by i

on the shaft of the c vlinder, which

\b\& » J L HI
forced the ?ext cylinder f

ligur.

. many

Pascal's machine w ._ _.

theory it was so complicated, delicate, uncertain, and limited in

ir< operations, that it was practically useless. But the principles

of its action, particularly the toothed wheel, fixed figured arc

and stop, and the complementary rows of figures, have appear*

in most subsequent machines/and have been patented mar

times as new both in this country and in Europe.
Without giving a complete history of the subject, I can men-

tion the names of Roger Bacon, Leibnitz—the inventor of the

ts, Diderot, Gersten, and Sir Samuel Mor-

lan< L as among those who have pai ation to this

The next attempt resulted in a substantial success, and by a

man otherwise entirely unknown. Charles Xavier Thomas de

Colmar patented in 1H22 his "arithmometer," a machine that

tint craly solved the long tried problem, but solved it pr

h is now in use in large numbers for actual work.

The able description, in the United States Reports above referred

to, of this machine and of the subject in general, is so accessible

to the public, that a detailed account is unnecessary here
Colmar's invention has been directly or indirectly adopted

by every inventor who has successfully appeared in public

since his time. The principle of bis invention is shown by the

diagram fig. 2, in which a recording wheel is in gear with a

driving wheel having a variable number of teeth, and the

number added to the recording wheel at each turn of the
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driver will depend on the number of teeth exposed. Colmar

varied his number by placing nine rows of teeth side by side,

having from one to nine teeth each, and made the recording

wheel movable, to be placed to gear with either row at pleasure.

Other inventors, as Staffel of Russia, have made the teeth sep-

arately removable, so that those not wanted could be put out

of gear. Another has hung the driver on a movable

provided means for meshing the two wheels at the proper place

for the desired number of teeth to act Still another spreads

Colmar's nine rows of teeth out on a plane, and moves the

recording wheel over them. .

Calculating machines by the score may be found in the pat-

ent records of the United States, England and France. Col-

mar's idea has been twisted into every conceivable position, but

no improvement has been made on the disposition originally

adopted by him. And his machine is the only one now in use,

to any mentionable extent. , n
Colmar's machine, as the first solution of an old and well

studied problem, and as a specimen of the mechanism ol Ms

day, certainly deserves the highest praise. But it is unc}emea

that it is in a high degree complicated, a mass of small cog

wheels and delicate mechanism, which require close adjust-

ments, and which easily get out of order, requiring^^f
care in handling and the best skill m repairing. 1 he

the present time require, and the state of the art at

admits of, a better design, one tl
; m™e?™'

stantial construction, easier to put in order and easier to keep

in order, and better suited for the use of t

tomed to machinery. And as such we will introduce the sub-

ject of this paper. . _ „ £ „ •„_ „ nri

The MioMa.chine.-In the diagram fig.. 3 all fra

unessential parts are omitted, and the positions so arranged a3

to show the principle of action most clearly.
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Two parallel cylinders are geared to turn together. One
cylinder is larger than the other, but the gears are equal, so

that one turn of the handle on the larger revolves both once.

The larger cylinder slides laterally on its arbor, and can be

placed opposite any part of the smaller at pleasure.

On the small cylinder are a number of recording wheels,

more or less according to the capacity desired. Each is pro-

vided with thirty teeth, and a numeral is stamped at each tooth.

A fixed point, R, is chosen as the reading point, and the number
shown at any time at that point is the reading of the wheel.

On the large cylinder are a number of driving wheels, r~~
v

:iddit 1 piu. .hid. be fixed in ten different

positions by the pin at r.

On a bar between the cylinders is a row of fixed spring claws,

one for each recording wheel. If the claw be pushed slightly

to one side, it will drop off its catching pin on to the wheel and

hold it.

As the handle is turned, the recording wheel revolves with

its cylinder, but when the adding pin strikes and lets down the

claw, it will be held si reached, by which

the claw is returned to its pin and the wheel allowed to pass

on. It has, by being held, been carried over a number of teeth

from its original reading, more or less according to the position

of the adding pin on its cylinder. If the adding pin is placed

at its zero position, it will come to the claw simultaneously
with the lifter, and the wheel will not be affected. But if it be

placed at 7 for example, it will reach the claw seven teeth in

advance of the lifter, and the number seven will be added to

the wheel.

The action between each wheel claw and adding pin is the

same, and it is plain that the number represented by the setting
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the recording wheels at

the larger cylinder be set up
one space, each pin will act on the next wheel above and ten
times the number set up will be added.
The carriers for effecting the carriage of the tens are placed,

one for each wheel, between it and the next one higher, each
one being a tooth in advance of the preceding one. It is a
simple lever fixed on the cylinder behind the lifter, L. As the
wheel passes from 9 to 0, a stud c upon it will strike the car-
rier and throw it over slightly. When over, it is in the path
of the next claw above, and will throw it off so as to add one
to its wheel before reaching a second lifter.

The machine as above described is complete and ready for

work, all that is essential being the recording wheels, adding
pins, claws, lifters, and carriers. But for the sake of convenience
and efficiency, various attachments might be added. As for

instance, a ratchet and click to prevent backward motion of the
handle, a counter to register the turns of the handle, and for

some purposes a printing apparatus, to record the results of the
work.

Eraser.—A valuable attachment always found on an efficient

calculating machine is an apparatus by which a result may be
erased and all the wheels brought to zero at once. This era-

sure is required before each operation, and to do it by hand,
one wheel at a time would be tedious and inaccurate.

Projecting from the wheel is the erasing pin, E, and fixed

on the side of the frame is the zero bar. This bar is com-
mon to all the wheels, and is ordinarily up out of the way of

the pins, but when pressed down will be in their path. If then

the cylinder be turned backward, each pin will stop when it

reaches the bar, and all the wheels will be brought to zero

simultaneously.

The process by this machine is always an addition, never a

ion. But subtraction of any number is accomplished

by setting it up by the inner row of figures on the adding

wheel, they being so arranged that the complement of the num-
ber set up will be used.

The size of the machine varies &e record-

ing wheels are 1\ inches and ti

diameter, and the distance from v

oi an inch. A ten-wheel machine would occupy a box 6x6x4

The compound action of the claw being thrown from its pin,

catehing on the wheel, carrying it along a

rising and catching again, may be considered complicated and

delicate. But the fact is it is very reliable : a poorly made

apparatus has been worked at the rate of 10,000 operations per
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minute with perfect accuracy. The object of having one cylin-

der nearly three times the size of the other is to secure this

accuracy. The angular motions are equal, but the actual

speed of the pin is nearly twice that of the wheel, ensuring

that the claw shall strike the right tooth every time, even if

the parts are not precisely in their proper places.

Operatic. - . I by the principle

of successive addition of the multiplicand to itself, first used

mechanically by Colmar, and in fact the only practical and

reliable principle yet proposed. Since the invention of Napier's

bones, many have tried to give them a more mechanical shape,

and to use them in automatic machinery. But though it has

been done in several ways, the result has always been too com-

plicated, clumsy and costly, to compete with the theoretically

more roundabout, but practically simpler and shorter method
borrowed by Colmar from the mental process.

For an example let us multiply 657 by 325. The adding

pins are first set to the number 657 and the recording wheels

brought to zero by the bar, after which five turns of the handle

will transfer it five times on to the wheels and 5x657, or 3,285,

will appear. Then set the cylinder up one space, and two

turn? will multiply 657 by 2 and add ten times the product, or

1H.1-L-0. to the 3,2^5 previously shown. Another shift of the

pins and three turns will complete the operation and show the

fin.il
j .rod act 213.525 in plain figures. This result can be

obtained in ten seconds, allowing one-half a second for each

turn and each figure set up. audi one second for erasing and
for each shift of the cylinder.

' The larger the numbers used the greater the proportional

gain over mental labor ; for the machine will add ten figures

to ten as quick as one to one, while mentally it would take

ten times as long. But the greatest advantage of the mechani-
cal method is not in the time saved, but in the superior ease

and accuracy with which the work is done.
Reduction of Star Places.~li the result ah of any multiplica-

tion
J

> not erased, the result of the next cd will be ab+cd, and
if either cord are set up negatively the result is ab—cd. By
an attachment, this machine is peculiarly adapted to work the

quantity Aa+Bb+Cc+Dd+ &c. for star reductions, where the

Bame values of ABCD or of abed are used for a large number
of operations. Four or more fixed quantities, ABCD, etc., can
be set up once for all, and either one be quickly brought to act

re to the exclusion of the others, it not being necessary
to set it up figure by figure. With 1

*. reductions
mt place may be made at the rate of two per minute,

whereas it usually takes from three to five minutes for each
operation.
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Addition and subtraction are of course worked directly, but
in common with all machines yet contrived, it offers small

advantages over the common method, except in regard to ease

of execution. For large work of four or more places it would
be found useful, but to ordinary accounts no machine has yet

been profitably or extensively applied.

For division two different processes may be employed. One,

the old tentative process used by Colmar, is nothing but the

usual mental method put into mechanical shape. The other is

an improvement on the first, by which it is rendered automatic

and entirely independent of mental labor. It is peculiar to

this machine, ai 1 presents the first solution of the problem of

mechanical division.

Bv the tentative method we first set up i

on the wheels by hand, or better, by transferring it from the

pins. We then set the pins to our divisor 0657, by means of

the inner or negative rows of figures, taking care to leave one

zero in advance of it. Then place it up opposite the 135 of the

dividend, and turn the handle, stopping at every turn to observe

the dividend. It will se, and when you per-

ceive that it is less than the divisor, you must stop and set the

pins down one place before proceeding to the next figure. In

the above case, the dividend after three turns v. II i L*;42..>,

and that being less than 65700 the first quotient figure is 8.

The wheels will then read 00003016425, the quotient figure

being recorded automatically by the machine on the upper

wheels left vacant by the

To explain the automatic method we need to follow the pro-

cess of continual subtraction a little more closely.

9l«tf9* As 9999343, the complement of our <
lvis<.r

9999343 -1 «7, is added, the divisor debases, and after

three divisions is reduced to 1642o, a number
147825 less than 65700, requiring us by the old method

9999343 -2
to stop and set down for the next figure. And

82T25~ :+ 'a nPPA«s.irv to watch for this point, tor

9999343

—i^ doubtfuHf a "ffcnpfe apparatus c

9999343 —4 for that purpose.
.

999950725 But it may be observed that i

657 +1 tracted from 16425 once more, t

number would result. And wt

machine, a negative number ismacuiue, a uvj

ipnr. its mechanical V< x

- all read

hi

purpose, and warn us that

dicate when the last wheel stops on
' ke of
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made. Having made a mistake, we must correct it by adding
our divisor once, and bring the dividend back to a positive
number, ready to set down for the remaining figures.

Ine problem of the calculating machine is an exceedingly
difficult one as anyone acquainted with the immense labors of
pascal, Leibnitz, Babbage and Scheutz will acknowledge.
Pascal speaks of his invention as "a work of some years."
-Leibnitz, at the height of his fame, devoted four years to this
object, and failed

; Babbage worked from 1822 to 1842 on his
iJitterence Engine to no purpose; and Scheutz was from 1834
to 1854 bringing his machine to the partially successful condi-
tion it is now in. The machine described above for the first
time is the result of nearly four years of study and labor.

Cambridge, Mass., July 15, 1874.

Art. XXV.—Researches on the Hexatomic compounds of Cobalt;
by Wolcott Gibbs, M.D.

[Continued from page 200.1

™ffi!
mCT?afe °f wnthocobalt^One molecule of bromide of

xanthoeobalt was mixed with one of the nitrate of the same base,
both salts being in solution in hot water. A dark, sb

In this sSt
SGparated

'
aftersome ho*rs, in well defined crystals.

0-8925 gr. gave 0-4190 gr. S04Co=17-86 per cent cobalt.
7116 gr. gave 0-1244 gr. silver =12-94 per cent bromine.

Jpn
G
f

fT u
a C°^H3)

' o(N 2 ) a(N0 3 ) 2 Br a
requires 17'77 per

cent cobalt, and 24-09 per cent bromine The "

dissolved and allowed
thus obtained

0-8538 gr. gave 0-3984 gr. S0
4Co=17-76 per cent cobalt.

84 /4 gr. gave 0-2672 gr. silver =23-62 per cent bromine.

Itr?8,^? doubt that a definite bromo-nitrate,

theS ° th\chlo
!?nitnite>

is formed ^ direct union of

much W ,

a
K?

bromide
' The salt appears to be, however,

t?on of!tw
We^ th

f
C(™P°nding chlorine salt. A por-

cerTt ^t -

CrjSta
J
1Zed a third time

>
and then gave 23'04 per

into t 7m%mdlcating ^e commencement of a separation

ulateTwn\mt
r

te
r

The facilit^ with which thechloro-

to attemJXf y
J
he dl

,
reCt Union of its constituents, led me

I mixed
Pl^ fiction of other new salts by a similar process.

Slnf !me ?
f cWoride of Purpureocobalt, and one

with the form
?"£hoST

balt
'

in thc hope of obtaining a saltwitn tbe formula Co
a(NH 3 )10(NO3)(]S'O) CI since
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Co
8
(NH 3 ) 10 Cl 6+Co 2

(NH 3) 10(NO 2 )2(NO 3 ) 4
=

2Co
8
(NH

3 ) 10 (NO 2)(NO 3 ) 2
Cl 3 .

After boiling the mixture with a little free acetic acid, the so-

lution deposited on cooling deep orange-red, apparently homo-

geneous, crystals. Of these

0*3145 gr. gave 0*1746 gr. S0 4
Co=2T13 per cent cobalt.

0-9203 gr. gave 0*5080 gr. silver =17-99 per cent chlorine.

The formula Co 2
(NH 3 ),

(NO
a
)(NO 3 ) a

Cl
3

requires 20-90 co-

balt, and 18-86 per cent chlorine. The analyses seem to show

that a salt having the composition given may exist. On re-

crystallization, the salt was more or less completely decom-

posed, as the following analyses show :

0-2125 gr gave 0-1161 gr. SO 4
Co=20'80 per cent cobalt.

0-5933 gr. gave 0-2470 gr. silver =1370 per cent chlorine.

0-7888 |r. |ave 0-3308 gr. silver =13-78 per cent chlorine.

These numbers approximate to those required by the formula,

Co„(NH
3 ), (NO„) 2(N0 3 ) 2

Cl
2

. I attempted in like manner

to form salts synthetically by mixing other salts in the propor-

tions indicated by the equations

:

Co
s
,(NH,) tft(NO2 ) B+Co2(NH3) 10a 6

=Coa
(NH 3 ) lO (XO 2 )3Cl,.

Coa(NH a ) 10(NO 8 ) e
+Co a

(NH,) 10
(NO

l )a
(NO 5 ) 4

=
Co 8

(NH
3 ) I0

(NO 2
)(NO 3 ) 6

.

The experiments led, however, to no definite results.

The chloro-nitrate above described is the salt to which I, at

one time, attributed the formula

Co2
(NH

3 ) 10(NO 2 ) 4
Cl2
+2OH 2 ,

and which I regarded as the chloride of a special radical, flayo-

cobalt," Co 2
(NH,), (NO 2 ) 4

. The mere analyses can hardly

distinguish with certainty between the two formulas and I was

for some time misled by an erroneous interpretation of my

results. The compounds of cobalt containing ammonia and

nitroxvl, NO,, have in general the same "fend.^"t
30 that it is extremely difficult

them, and in my analyses of what I believed
I
to be hes phate

and nitrate of the same base, 1 had^b^5 â

W
iS

impure salts of xanthocobalt. Krok*^*™ *"**%£ ^ Salt

nth the formula Co.CNH,), .Cl(NO,).+30H,. There i

&%£%£ wh^^ corned Jjrf not exisOut

thati" definite founds with metallic chlorides.
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As the chloride and nitrate of xanthocobalt are capable of
uniting directly to form the chloro-nitrate above described, it

might be supposed that the two salts are isomorph.
therefore, crystallize together in all proportions. According to
Prof. Dana's measurements, cited in the first part of this
memoir, nitrate of xanthocobalt crystallizes in forms belong-
ing to the dimetric or square prismatic system. Prof. Cooke
has kindly determined the form of the corresponding chloride,
and finds that the crystals are either trimetric or monoclinic.
The chloro-nitrate cannot, therefore, be regarded as a mixture
of two isomorphous salts.

11. Finally, salts of xanthocobalt are formed by the action of
Fischer's salt, Co

a (N0 2 ), 2
K

6 , upon salts of purpureocobalt and
roseocobalt When, lor instance, chloride of purpureocobalt

ed in boiling water, with a little free acetic or eWor-
ld, and 0o 2(NO 2 ) l2K 8

is added, in small portions at
a time, the violet color of the salt gradually disappears as the
boiling continues, and the solution finally assumes a fine orange-
brown tint. The filtered solution gives on cooling fine crystals
of chloride of xanthocobalt, the reaction being probably ex-
pressed by the equation

Co2(NO
2 ) 12K6-f3Co 2

(NH
3 ) 10 Cl 6=3Co 2

(]SrH3) lo(NO 8 ) 2
Cl4 4-

6KCl+2Co(N0
2 ) 2+2N0 2 .

During the boiling red vapors are given off. In one experi-
ment the chloride of xanthocobalt formed was analyzed, with
the following results

:

0-5027 gr. gave 0-2987 gr. S0
4Co=22"62 per cent cobalt.

0-7616 gr. gave 0-6351 gr. silver =27-35 per cent chlorine.

The formula Co 2(NH 3 ), (NO
2 ),Cl 4

requires 22"52 per cent
cobalt and 27"09 per cent chlorine. The salt gave all the reac-
tions of the chloride.

On the other hand, Fischer's salt is an almost constant pro-
duct of the action of the alkaline nitrites upon salts of the
decamm series. I have already mentioned its occurrence
among the products of the action of potassic and sodic nitrite
upon chloride of purpureocobalt. When nitrate of xantho-
cobalt is boiled with potassic nitrite and a little acetic acid.

aed in abundance, and the nitrate is gradu-
ally decomposed, without formation of any other product which
I could detect.

J J

Chromate.—When neutral potassic chromate is added to a
;r:

'

;Ll^ "i x:«iuh , crystal-
line precipitate is thrown down, whirl, may be washed with

r, id which it is but slightly soluble. Hot water also
dissolves this salt in very small quantity. The chromate has
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Co
g
(NH

3 ) I0 (NO 8 ) s
(CrO

4 ) 2+2OH2

as the following analyses show :

0-4340 gr. gave 0-3652 gr. Cr0
4Ba=35-96 per cent Cr0

4 .

0-3472 gr. gave 0-2900 gr. CrO 4 Ba=35"70 per cent Cr0
4 .

0-6954 gr. gave 0-3370 gr. water = 5-38 per cent hydrogen.

The salt lost only 0'68 per cent water on drying up to 145° C.

The formula requires 35*84 per cent O0'
4 , and 524 per cent

hydrogen. It is remarkable that the salt should retain its water
of crystallization at so high a temperature. The neutral chromate
of xanthocobalt furnishes the most convenient method of ob-

taining the chloride and sulphate of xanthocobalt in a state of
purity. For this purpose the chromate is to be boiled with
water and a little acetic acid, and a solution of baric chloride

added until baric chromate is no longer formed. From the

filtrate the chloride of xanthocobalt crystallizes readily, and a

second crystallization gives the salt perfectly pure. The sul-

phate may then be prepared from the chloride by double de-

composition with argentic sulphate. In the preparation of the

chloride by the above process, it is not necessary to operate

with pure nitrate, but the crude salt and solutions obtained

directly by the action of the red gases upon cobaltic nitrate

and ammonia may be employed. I am even disposed to con-

sider double decomposition of the chromate with baric citrate

the easiest method of obtaining a perfectly pure nitrate of

xanthocobalt.

Dichromabe.—Potassic dichromate produces in strong solutions

of nitrate of xanthocobalt a beautiful orange-yellow pn

of crystalline needles, easily purified by recrystallization, a

few drops of acetic acid being added to prevent decomposition.

The salt is easily soluble in hot water, and crystallize

though not in well defined crystals, from the solution. Like

the neutral chromate, it is available as a means of re©

salts of xanthocobalt, and of obtaining them in a state of purity.

Of this salt

0-6570 gr. gave 0-820<) _

0-3974 gr. gave i>-49.-><> ux C r< >. Ba=53'23 per (

0-48(58 gr. gave 0-1830 gr. Cr2 3
=53-40 per c

tCr.O..

The formula Co 3
(NH

3 ),
(NO 2 ) 2

(Cr 2
O

7 )

lodosulphates.—A solution

tate at first with one of nitral

ing some time, pale brown-yellow acicular crystals oi me tuuiut

Co 2 (NH„), (NO„U, are formed. When a solution of iodine

in potassic iodide is added to one of nitrate of xanthocobalt,

iodine is precipitated in crystals, but no hypenodide is formed,

as in the case of the iodide of the hexamm series already de-
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scribed. Potassic iodide gives, with a solution of sulphai

xanthoeobalt, brown yellow needles, which, after re-solm

gave larger prismatic crystals. Of these

0-5396 gr. gave 0-2207 gr. S04Co=1557 per cent cobalt.

0-8856 gr. gave 0*2689 gr. S0 4Ba=12-51 per cent S0 4 .

0*4541 gr. gave 0*1288 gr. silver =33-37 per cent iodine.

The formula Co 2(NH 3 ), (NO
2 ) 2SO 4 I 3 +2OH 2 requires

S0 4 l 12-53 12-51

When a solution of iodine in potassic iodide is added to one

of sulphate of xanthoeobalt, very beautiful, deep ruby -red,

well defined crystals are formed, which are readily decomposed
by hot water, with evolution of iodine vapor, and cannot be

recrystallized for analysis. Of these crystals

0-6094 gr. gave 865 c.c. nitrogen at 13° C. and 758'6 mm. (h=
2-08 mm.)=16-63 per cent nitrogen.

0-2142 gr. gave 0-0687 gr. S04Co=1221 per cent cobalt.

0-6104 gr. gave 0-1870 gr. S0 4Co=ll*64 per cent cobalt.

0*3940 gr. gave 0-1672 gr. silver =49-90 per cent iodine.

0-5437 gr. gave 0-2310 gr. silver =49-96 per cent iodine.

0-3020 gr. gave 0-0724 gr. S0 4Ba= 9-87 per cent S0 4
.

1-0627 gr. gave 0-2787 gr. S0 4Ba= 10-80 per cent S0 4 .

The formula Co 2(NH 3) 4
(NO

3 ) 3SO 4
I 4

requires

Nitrogen, 12 17-07 16 -63

Salts 1 and 2 were from different preparations.
The analyses do not correspond as closely to the formula as

might be wished, but it must be remembered that the salt can-

not be recrystallized without decomposition, and is probably

not quite free from the first described, or normal iodo-sulphate.

The salt gives off iodine on heating The structural formulas

of the two salts may be written as follows

:

fNH 3
-N02 fNH,-NOaNH.-NH.-I NH -NH

3
-I

c I NH3-NH3. „
( J NH3-NH3-O. . -O-I° ^M 3 -NH 3

>hU *
L°2< NH -NH -0>b<0-I
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after I added PtCl
8
Na

2 to a solution of sulphate of xautho-
cobalt, hoping; to obtain a salt with the formula Co 2(NH 3 ),
(N0

2 ) 3
(S0

4
)Cl 2 (PtCl 6 ), analogous to a platinum salt of roseo-

cobalt, \vl,i ik-scnl.e, ami which has the for-

mula Co,(NH,), (SO
4 ) 2

PtCl
6

. The beautiful crystalline pre-

cipitate formed proved to be only the salt Co,(NH,), (NO 2 ) 3

Cl.,PtCl
6 -fOH„, described in the first part of this memoir.

0-3882 gr. gave 0*1612 gr. Co+Pt=41*52. The formula re-

quires 41-39 percent
Nitrite of xanihocobalt.—When argentic nitrite is boiled with

a solution of chloride of purpureocobalt, the liquid soon loses

its fine violet color, and assumes the wine-yellow tint of the

salts of xanthocobalt. The filtrate from the argentic chloride

gave, on careful evaporation, two distinct salts—a salt in beau-

tiful scaly crystals, and one in octahedral crystals. The two
salts were separated by crystallization. Of the scaly salt

0-2854 gr. gave 0-2286 gr. S04
Co+S0 4

Ag 2
=r79-97 per cent

The formula of the ammonia-cobalt-nitrite, Co
a
(NH

3 ) 4
(N0 1 ),

Ag
?
requires 30*75 per cent, and the salt was easily id

by its appearance and properties, with the silver salt of Erd-

mann's series. As the octahedral salt was rather difficult to

obtain perfectly pure by this method, I had recourse to the

decomposition of sulphate of roseocobalt by baric nitrite. A
solution of the last named salt is to be added to one of the sul-

phate as long as a precipitate is formed. The sherry-wine-

colored filtrate is then to be cautiously evaporated, when fine

dark wine-colored octahedral crystals form. Of these crystals

0-4750 gr. gave 0-2303 gr. S04 Co=-:18*46 per cent cobalt.

0-1220 gr. gave 0-0594 gr. S04Co=18-54 per cent cobalt.

0-3129 gr. gave 0-0403 gr. water, when heated to 140° C. =12*87

per cent.
0-4289 gr. gave 0*1141 gr. ammonia=26*60 per cent.

The formula Co 2
(NH 3 ),

(NO
a ) a
+4OH a

requires

The percentage of water in the analysis is too high, and would

seem to show that a slight decomposition of the salt had taken

place. I attempted to determine the percentage of NO a
in this

salt by titritiou
Hlt though the

analyses were made with the greatest care, I obtained as a mean

of three determinations, agreeing well together, only 11*24 per

cent, which would correspond to less than two atoms. In other-

cases also I found that the method could not be employed.

Am. Joub. Sci.-Third Series, Vol. VIII. No. 46 -Oct., 1874.
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So far as the empirical formula is concerned, the salt may
be regarded as a nitrite of purpureocobalt or roseocobalt,

Co 3(NH 3 ), fl
(N0

2 ) 6
+40H

2
. Its solution gives, however, the

reactions of salts of xanthocobalt with the greatest distinct-

ness, and I regard it, therefore, as the normal nitrite of this

series, with the formula Co 2(NH 3 ), (NO 2 ) 2
(NO

2)^ 40H 3 .

Irs formation from sulphate of roseocobalt and Imrie nitrite i>

expressed by the equation :

Co2(NH 3 ) lo (SO 4 ) 3-l-3BaNO 2=Co 2 (NH 3 ) 10 (NO 2 ) 6
+3SO4

Ba,

and from chloride of purpureocobalt and argentic nitrite by the

equation,

Coa(NH 3 ) l0 Cl 6 +6AgNO 8 =Co,(NH 8 ) 10(NO2 ) B
+6AgCL

The formation of the silver salt of Erdmann's series, Co
2
(NH

3 ) 4

(N0
2 ) 8
Ag

3 , is probably due to a secondary action, and may,
perhaps, be expressed by the equation

Co2(NH 3 ) 10 (NO 2 ) 6+2AgNO 2=Co 2 (NH 3
).(NO

8 ) 8
Ag 2 +

6NH
3 .

Ammonia-cobalt-nitrate of xanthocobalt.—When a solution of

potassic ammonia-cobalt-nitrite is added to one of nitrate of

xanthocobalt, a beautiful crystalline precipitate is formed, of

a deep orange-red color, which requires a rather large quantity
of boiling water for solution, and which may be recrj
without decomposition. The solution gives the reactions of

salts of xanthocobalt, and gives also, with argentic nitrate, the

characteristic silver salt Co
2
(NH

3 ) 4
(N0

2 ) 8
Ag

2
. Of this salt

0-5074 gr. gave 0-3172 gr. S0
4Co=23'77 per cent cobalt.

0-4731 gr. gave 135 c.c. nitrogen (moist) at 12° C. and 757'8 mm.=
33-69 per cent, nitrogen.

The formula {Co^NH,), (NO
a ) a }{Co,(NH,) 4

(NO
a ), |„ re-

quires 23-79 per cent cobalt, and 33-87 per cent nitrogen. This
salt is metameric with the corresponding salt of the hexamin
series already described, and with Erdmann's salt, Co 2

(NH 3 ) 6

(N0
2 ) 6 ,

since we have

{Co
t
(NH

s ) IO(NOa )2 }{Coa(NH a ) 4 (NOa ) 8 },=
3Coa(NH 3 ) 6(NO a ) 6

.

In endeavoring to obtain measurable crystals by allowing a

solution of this salt to stand for some time and evaporate at

ordinary temperatures, I found that the salt was partial iv de-

composed, a considerable quantity of cobaltic nitrate being
formed.

Oxalate of xanthocobalt.—In the first part of this memoir, in

consequence of an oversight, the formula given for the oxalate
of xanthocobalt contains (old style) five atoms of water of crys-
tallization. The salt is really anhydrous, and the analyses given
agree with the formula Co

a(NH,), §(NO a ) a (C a 4 ) a
." The salt
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is obtained from hot solutions in granular crystals. Its solution
in hot dilute nitric acid deposits abundant crystals of the ni-

trate, the oxalate being almost completely decomposed. Sul-
phate and nitrate be readily prepared
from the oxalate by boiling with a small excess of mercuroufl
sulphate or nitrate, adding, in the first case, a little dilute sul-

phuric, in the last, a little nitric, acid As the oxalate can be
precipitated by ammonic oxalate from the crude nitrate, this

furnishes a cheap and expeditious method of obtaining the pure
sulphate.

The formulas of the salts of xanthocobalt at present known
become in the new notation :

Chloride, Co2(NH 3 ) 10 (NO2 ) 2 Cl 4

Bromide, Coa(NH 3 ) 10(NOa ).,Br4
Iodide, Coa

(NH
3 ) 10

(NO
2 )J 4

Nitrate, Co2 (NH 3 ) 10 (NOa ) a(NO 3 ) 4

Nitrite, Co,(X!i
Sulphate, Co.(NH

3 ) 10 (NO 3 ) 2(SO4 ),

[o In-sulphate, Co 2
(NH

3 ) l0(N0 2 ) g
(S04 )I2+20H 2

Hyper-iodo-sulphate, Co 2
(NH

3 ) 10(NOa ) a (S04 )I4

Auro-chloride Co a (NH s ) lo (NO a ) 2
Cl 4

+2AuCl
3+OH s

Platmo-chloride, l

4
+OH.

Hydrargo-chloride, CoI(NH 3 ) . JN0 2
),C1 4 + 4HgCl,-f OH 2

Oxalate, e^fXII,) . (X0 2UC 2
O4 ) 2

Chromate, Co2(NH +20H2

Dichromate, Coa
(NH

3 ) 10(N02 ) 2
(Cr2 7 ) 2

A
ri?rite

la"CObalt"
\

!Co2(NH 3 ) 10 (NO 2 )2 }[Co2 (NH 3 ) 4
(NO

2 ) 8 } 2

Ferrocyanide, Co 2
(]S

TH
3 ) 10(XO2 ) 2(FeCy 6

)+6OH 2 .

I have collected them for the purpose of convenience of

reference and comparison.

PUEPUREOCOBALT.

12. In the first part of this memoir Genth and I have en-

deavored to show that purpureocobalt and roseocobalt form

two distinct series of salts ; that chloride of roseocobalt, for

instance, Co 2 (NH 3 ) ,

Cl
6
+2OH 2 ,

cannot be regarded as differ-

ing from i icobalt only by water of crystal-

lization. This view has been adopted by some chemists, re-

jected, and even ridiculed, by others. I shall endeavor to show,

by a more extended studv and comparison of the two series of

salts, that they are essentially different, and, furthermore, that,

as the theory of these compounds proposed by Blomstrand sug-

gests, there' are more than two series containing the group

Co,(NH
3 ) 10 . Eesen the present. I pro-

e. od to the description of the salts which serve to throw hgnt

upon the question.
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Auro-chbride of purpureocoba.lt.—When a solution of chloro-

aurate of sodium is added to a hot solution of chloride of pur-
pureocobalt, containing a little free chlorhydric acid, no pre-

cipitate is formed at first, but after standing a few hours
crystals of a new salt are deposited. The crystals in question
present fiat prismatic forms. They have a dark ruby-red color,

with a dull violet luster, and after standing, exhibit a distinct

superficial reduction of gold. Of these crystals

0-9028 gr. gave 0*3206 gr. gold, and 1-0560 gr. silver=35'50 per
cent gold, and 38-45 per cent chlorine.

0-6840 gr. gave 0-1896 gr. S0
4 Co and 0-2425 gr. gold=10'55 per

cent cobalt, and 35-45 per cent gold.

Calculated. Found.
Cobalt, 2 10-64 10*55
Gold, 2 35-55 35-50 35*45
Chlorine, 12 3 8 '44 38*45

In the first analysis the salt was reduced by zinc and dilute

sulphuric acid, the gold weighed directlv, and the chlorine
determined in the filtrate. In the second'^ the salt was heated
with sulphuric acid, and the reduced gold separated from the
cobaltic sulphate by dissolving the latter in boiling water.
The formula of the salt is

Co2(NH 3 ) 10 Cl 6 + 2AuCl
3 ,

or rationally

fNH 3 -Cl
NH

3-NH 3 -C1 ,*

Co 1
NH -NH 3 -Cl=

A
v

uC1 3

^°*1 NH
3 -NH 3 -Cl=AuCL|NH
3 -NH„-C1

[NH8 -C1
From the formula it appears that the salt is unsaturated, simi-
lar salts containing 4 or 6 molecules of auric chloride being also

possible.

Chloro-hydrargyrates of purpureocobalt—When mercuric chlo-
ride is added in excess to a solution of chloride of purpureo-
cobalt, a rather dull red salt separates in small needle-
soluble in cold water, but much more easily soluble in hot
water, especially in the presence of free chlorhydric acid, and
readily crystallizing from the hot solution. This salt has the
formula

Co
2(NH 3 ) I0 Cl 6+ 6HgCl 2

as the following analyses show

:

0*5884 gr. gave 0*3922 gr. Hg
2
CL=56'60 per cent mercury.

0*4409 gr. gave 0-4025 gr. silver =30-00 per cent chlorine.
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When the chloride of purpureocobalt is in excess, or when the
two chlorides are mixed in the proper atomic proportions,
another double salt separates in very beautiful violet-colored

prismatic crystals, which, like the last mentioned salt, are but
slightly soluble in cold water, but are much more soluble in

boiling water, and crystallize from the solution on cooling.

This salt has the formula

Co 2(NH 3 ) 10 Cl 6
4-4HgCl

2

as the following analyses show :

0-7938 gr. gave 0-4735 gr. Hg2
Cl 2

=50-65 per cent mercury.
0-3970 gr. gave 0-3771 gr. silver =31-23 per cent chlorine.

0-9752 gr. gave 0*9350 gr. silver =31-4-2 per cent chlorine.

1-3600 gr. gave 0-1024 gr. cobalt = 7 5 2 per cent cobalt.

Calculated. Found.

Mercury, 4 50-47 50-65

Chlorine, 14 31-35 31-23 31'42

Cobalt, 2 7-44 7-52

On Blomstrand's view the formulas of the two mercury salts

may be written

fNH.-Cl-HgCl- fNH 3-Cl
|
NH,-NH,-Cl=HgCL |

NH,-NHt
- Cl=HgCl 2

AL JNH 3-NH 3-Cl=HgCl2 p
;

J
XH

3
-XH

3
-Cl=HgCl2^°

2 iNH -N]I,--r=Il_'< :
~,

C "
J XH 3-XH 3

-Cl=HgCl
3

|
NH 3 -NH 3 -Cl=HgCl 3 |

XH
3
-XH

3
-Cl=HgCl 2

l,XH
3
-Cl-HgCl, [NH.-C1

It is possible that the salts containing six atoms of mercury be-

long to the roseocobalt series, as I find that it is formed when a

solution of I
to one of the soluble sulphate of

roseocobalt, Co 2
(NH

3 ), (SO 4 ) 3 +5aq, which I shall describe

farther on. I may also rei ; "that i die progress of science

should make us 'acquainted with a method of determining

cobalt in these salts with precision, they would enable us to

determine the atomic ' ^curacy,

thefirstsalt c.-. Mi-. in- .v.') k and the second 744, per cent of

cobalt, so that a ivlativelv large error in the weight of

(NH
3 ) ro Hjz fi

Cl 1B , orof(NH 3 ) l0Hg 4
Cl 14 ,

woulde—4

the :

---•

., . -HgCl,
ith ether electro-t

metallic elements. I have
case, so far, at least, as the cl

concerned.

In analyzing these salts,

determine the mercury in t

the salt in water, adding a

reducing the mercuric to m
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sodic hypophosphite, the solution of mercuric salt having the
temperature of 40° C. The mercurous chloride was then
weighed on a porous earthenware cone at 100° C. In deter-
mining chlorine it is best to dissolve the salt in hot water,
with a little free sulphuric acid. The mercury may then he
separated as HgS, and the chlorine deterimm-d in the tilt m to

after removing the excess of SH
3 by a solution of ferric alum.

Antimonio-chloride of purpureocobalt—A. solution of anti-

monious chloride added to one of chloride of purpureocobalt
gives a precipitate of small, granular, dull violet red crystak

v be washed with strong chlorhydric acid and' dried
by pressure between folds of porous paper, and afterward at

100° C. Water decomposes it readily,
SbOCl. The formula of this salt is

Co2(NH 3 ) 10 Cl 6 -f-SbCl 3 ,

as appears from the following analyses :

0-8100 gr. gave 0-3402 gr. S0
4Co=15-99 per cent cobalt.

0-6500 gr. gave 0-1370 gr- Sb0
2
=16*64 per cent antimony.

The formula requires 16*22 per cent cobalt, and 16 49 per cent
antimony.

^Bismuthous chloride gives a lilac-red precipitate in solutions
or cnioride ot purpureocobalt, msc
acid, and readily decomposed by
Bi0cl

—-i •> — . -/ith precipitation oi

Neutral chromate.—When a solution of nitrate of purpureo-
cobalt is added to one of neutral potassic chromate, a red metal-
line precipitate is formed, which, aft, ,- w-i.-hiii- ., ith e .Id wat. r.

may be dissolved in boiling water, with addition of a few drops
acid. After some hours the neutral i-Iiium-ite s< parates

m crystals, which have a peculiar red color with bronze -fellow
reflections. The crystals are thin, aeieular leaves. The salt

dissolves rather easily in hot water, but the solution is soon
more or less completely decomposed, unless free acid is present.
Ine dilute solution is orange-yellow; concentrated solutions
are red. The dried salt somewhat resembles litharge. Different

"'is of this salt gave, on ana! vsis. result- which differed
somewhat from each other, but only 'in the amount of water of
crystallization. In one preparation

0-2637 gr. gave 0-2480 gr. Cr0
4Ba=:43-17 per cent Cr0 40-3651 gr. gave 0-0811 gr. cobalt =22-21 per cent.

0-3598 gr. gave 0-0058 gr. water up to 170° C.=l-61 per cent.

I consider the loss of weight on heating to arise partly from
Hygroscopic moisture, and partly from slight decoi
and believe that the salt is really anhydrous! The formula

Co2(NH 3 ) 10.O.(CrOJ 2
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ent, and CrO
,

, 43 32 per cent. The
L-omate is expressed by the equation :

0o2(NH,) 10 (N0 3 ) 6
4-2CrO

4
K.,+<)II,=C'o.,(XII

! ) 10.O.(Cr0J 2

+ -tKXO;+-2X0
:j
IL

The nitric acid set free dissolves a portion oi'the ehnnnat.

forming the dichromate. whieh remain.- in siIiumii. \\ hen a

solution of neutral potassie misstate. \\'0
(
K

2 , is digested with

dry neutral nitrate of purpureocobalt, a pink tungstate of pur-

pu'ivocobalt is formed, and the liquid then gives a strong acid

reaction with litmus. The reaction is probably the same as

that given above for the chromate.

Potassie iodide gives a dull r tate with

neutral chromate of purpureoeohalt in solution. The analyses

of this salt led to no definite formula, and the preaptete ap-

peared to be a mixture of the chromate described, Co 3
(JNH

3 )

.

0.(00,) . and the iodo-chromate, Co a
(NH 3 ),

I,(Cr0
4 ) Ll .

Bv

powdered chloride of purpurea

which he gives the formula 0o a
(NH 3 ),

..(CrO,),. A

to the same writer, when powder© I

" ,! K[ !t M

added, in small portions at a time, to a

-

chromic Boi. set free \\ beu a

to one of chloride ot purpureo-

-

, Mv aualvseHed. hou-ever.

n 1 ,is ease also, to no definite formula, but pointed to a mix-

ture of the chromate, Co,(NH 3 ) 10 .O.(CrO 4 ) ,
and the chloro-

chromate, Co,(NH 3 ),
.Cl^CrO,),. Braun h ,s a - ,s

;

n , d

give! the formula 2NH .Oo.O .8CrO +

should write ^.QSH ,).(€«),).+«NH^,
but the analyses are incomplete without a determination ei

of ammonia or of nitrogen. ,. ,
. ..,

Dichromate.—A solution of potassie dichromate gives, witli

one of nitrate of purpureocobalt, a grauul

which may be recrystallized by solution m boiling water.to

which a little acetic acid has been added The salt then sepa-

rates in sm ds of a dark brick red*

bronze re0eciions. It is somewhat soluble in cold, and dis-

solves readily in boiling, water. Of this salt

0-6031 gr. gave 0-0747 gr. cobalt= 12-38 per cent
.

0*7101 gr. gave 1-1252 gr. Cr0 4
Ba=67'7l percent. (Chromium-

0-6295 'gr. lost, at 105° C, 0/0077 gr.™^™^S*&£
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At 133° C. the salt was slightly decomposed. Between 133°

and 145° C. it lost 4-46 per cent with partial decomposition.

-Uses correspond to the formula Co,(NH 3 ), (Cr„O
7 ) 3

+ OH„.
Calculated. Found.

Cobalt, 2 12'35 12-38

Cr2 7 , 3 6797 67'7l

Water, 1 1-88 1*87

The salt was dried for two weeks in pleno over sulphuric acid.

In preparing nitrate of purpureocobalt by Mr. Mills' process, in

which an ammoniacal solution of cobaltic nitrate is oxidized

by potassic dichrc

ta The crystals were easily purified by recr

tiou. They are readily soluble in hot water, and crystallize

from the solution almost completely on cooling. The formula

of this salt is Co 2(NH 3 ) I0 (Cr aO 7 ) 3 +5OH 3 , as the following

analyses show

:

0-6366 gr. gave 0*0735 gr. cobalt=ll'54 per cent.

0-6447 gr. gave 0-2888 gr. CrO s
=63-31 per cent Cr 3 7 .

0-1740 gr. gave, up to 139° C, 0-0125 gr. water=7-19 per cent. )

0-0800 gr. gave, up to 145° C, 0'0082 gr. water=10-25 per cent.
\

Mean, 8'72 per cent.

In the last water determination the salt was slightly decom-
posed. The formula requires

Calculated. Found.

Cobalt, 2 11-48 11*54

Cr20„ 3 63-20 63"31

Water, 5 8*76 8-72 (mean.)

The difference in appearance and in the number of atoms of

water of the dichromate of purpureocobalt may possibly arise

from the fact that, in one case, a solution of the nitrate of pur-

pureocobalt was poured into one of potassic dichromate in ex-

cess; in the other, the nitrate was presented to the di

as feist as formed—in some sense in the nascent state. But it

p that the two hydrates are not the same after recrys-

. A solution of potassic dichromate gives, with one

of chloride of purpureocobalt, a dark red crystalline precipi-

tate, the ana . led to a mixture of Co (NH 9 ) ,

(Cra 7 ) , and Co 2(NH 3 ), .Cl..(Cr3O 7 ) w . I did not succeed in

obtaining the basic dichromate Co 2(NH 3 ), .O.(Cr 2O 7 ) 2
. In

romates of the cobaltamines which I have studied, the

direct determination of the water of crystallization has been
effected wil

, i n consequence of the tenacity
with which these salts retain water up to temperatures very
near to those at which incipient decomposition occurs.

(To be continued.)
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Art. XXVI.—The Mathematical and Philosophical State ,,/ the

Physical Sciences; by Prof. Joseph Lovering. From the
Presidential Address of Prof. Lovering before the American
Association at Hartford, August, 1874.

character of the mathematics. The proof of a theory is i

it can predict consequences, and call successfully upon
the observer to fulfill its prophecies. It is the boast of astron-

omers that the law of gravitation thus vindicates itself. The un-

dulatory theory of light has shown a wonderful facility of adapta-
tion to each new exigency in optics, and has opened the eye of

observation to see what might never have been discovered with-

out the promptings of theory. But this doctrine, and that of

n also, have more than once been arrested in their swift

march and obliged to show their credentials. After F resin 1 and
Young had secured a firm foothold for Huyghens' theory of light

in mechanics and experiment, questions arose which have per-

plexed, if not baffled, the best mathematical skill. How is the

ether affected by the gross matter which it invests and permeates ?

Does it move when they move ? If not, dc.es the relative motion
between the ether and other matter change the length of the un-

dulation or the time of oscillation ? These queries cannot be
satisfactorily answered by analogy, for analogy is in some respects

wanting between the ether and any other substance. Astronomy
says that aberration cannot be explained unless the ether is at

rest. Optics replies that refraction cannot be explained unl

ether moves. Fresnel pro Inc. i i t • iliation by a compromise.

The ether moves with a fractional velocity large enough to sat-

isfy retraction, but too small to disturb sensibly the astronomer's

In 1814, Arago report* I to Fresnel ti .t he found no
' matic refraction of light, whether

speed toward a star or in the oppo-

>n. Fresnel submitted

anaiv-k and demonstrated, that

d by the motion of the prism in the

re-length through the prism, and

the light made anv u « ot' the earth: and he

proves that the light v - me aPPar"

hematica
1

! and physical view taken of this Mib.i-ct by

Fresnel has bee sixty Tew*, »nd fort
J

eI

J
1"

nent physicists and math. I
.numerated who

have taken part in it. Fresnel's explanation has encountered



298 J. Lovering—Mathematical and Philosophical

difficulties and objections. Still, it is

Arago's negative result, but with the
by Fizeau and Babinet, and the prepon
evidence is on that side. Mr. Huggins runs counter to the gen-
eral drift of physical and algebraical :.-i.:n. n\ (although he
appears to be sustained by the high authority of Maxwell), when
he attributes some displacement of the spectrum lines to the
motion of I incement on
that account The number of stars which Huggins has observed

a "lit for any sweeping generalization. And yet he seems
inclim •! to explain the revelations of his spectroscope, not by the
motion of the stars, but l.y that of the solar system: because
those stars which are in the neighborhood of the place in which

- have put the solar apex are moving, apparently,
tow irl the earth, while those in the opposite part of the sky re-

cede. If it be true that the earth's annual motion produces no
displacement in the spectrum, then the motion of the solar system
produces none. Or, waiving this objection, if the correct explana-
tion has been given by Huggins, astronomer- have failed, by their

al method, of rising to the full magnitude of the sun's

motion.
^
The discrepancy appears to awaken no distrust in Mr.

~elicacy of the spectrum analysis or theHuggi
math; matical basis of his reasoning. On the contrary, he would
remove the discrepancy by throwing discredit on the estimate of

nces made independently by Struve and Ar^-lander
from different lines of thought.
Next we ask, if it is certain that even the motion of the lumi-

nary will change the true wave-length, the period of oscillation,
and the refrangibility of the light which i—m-s from it? The
commonly received opinion on this subject has not been allowed
to pass_ unchallenged. It is fortified by more than one analogy:
but it is said that comparison is not always a reason. It is not
denied that, when the sonorous body is approaching, the sound
waves are shortened, the number of impulses on the ear by the
condensed air is increased, and the pitch of the sound is raised.

Possibly, the color of light would follow the same law ; but there
is no experiment to prove it, and very little analogy exists be-

tween the eye and the ear. There is no analogy, whatever, lx-

Tu'\" :; t,u ' subjective sensation by either organ and the pi ivsical

.-til, of the prism. The questions at issue are these : Does re-

..!• the relative velocity of light ;

are the time of oscillation of the particles of ether and the normal
-ill, corresponding to it, ehangi d bj mh motion of trans-

lation in the origin; or is the conservation of these elements an
essential attribute of the luminiferous medium. It has been said

pier reasoned as if the corpuscular theory of light were
true and then expressed himself in the language of undulations.
Evidently, there is an obscurity in the minds of many physicists,

"- uncertainty in all, when they reason upon the mechanical
'*— of the ether, and the fundamental laws of light. The
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meal theory is not so clear as to be able to dispense with
. :.»n <>: experiment. Within the present year. Van

_ and well cousidi red memoir on
the theoretical fallacies which vitiate the whole of Hugging'
argument for the motion of the stars and nebulae. His analysis

proves that the motion of the luminary will not interfere with the
time of oseillation and the wave-length provided that the origin

el the disturbance is not a mathematical
, and that the sphere of action of this molecule upmi -

is large enough to keep them under its in

a hundred vibrations, befoi

nding molecules is lar

by the motion of translation. If this theoretical exposition of the

subject should lie generally adopted by mathematicians, the spec-

troscopic observations on the supposed motion of the star- mast
receive another interpretation. On the other hand, if a luminary
is selected which is known to move, independently of spectro-

scopic observations, and the displacement of the spectrum 1 in. s

accords with this motion, it will be time to reconsider the mathe-

matical theory, and make our conceptions of the ether conform to

the experiment. The spectroscopic obsen tioti >f Angstiom on

an oblique electric spark does not favor Huggins' views, r-ec.hi

testifies to opposite displacements when he examined, with a

direct vision spectroscope, the two edges of the sun's equator, one

of which was rotating toward him and the other from him, and
/•""-

1
! '- t. |" it. 1 the observation with a re\eiM.)ii-»|iu.i pt

.

This would have the force of a cru : l! '•'
' "*t

an equal displacement was seen on other parallels of latitude, and

that the bright bands of the chromosphere were moved, but not

the dark lines of the solar atmosphere.
When Voltaire visited England in ! 727 he saw at the univer-

sities the effect of Newton's revolutionary ideas in astronomy.

The mechanism of gravitation had exiled the fanciful vortices of

Descartes, which were still circulating on the continent. Ni he

wrote: " A Frenchman who comes to London Hnds many changes

i" philosophy as in other things : he left the world full, he finds

it empty." The same comparison might be made now, not so

"."" ' et .v. en initio] alities as between sin -

titie development. At the beginning of thi>

was as emptv as an exhausted receiver : lmv v

for other reasons than these wide '- li '- "
is the mathematicians and not f

; "-e n"w
'lis it— it !„ relative merits of h< /'/' ">» an t tin " ' on.

Xewton.h, hi s r hinl letter to IVntiev. wrote in thl- wise: "That

gravity she:. utter, bo that

'
'

"i e ; ;..;.:.:i : t / ' - — '

'' -

m one to another, is to

me so great an absurd it v.' that I ^ • man, who has in philo-

sophical matters a competent faculty of thinking, can ever tall
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into it." Roger Cotes, who was Newton's
'-" U" ,U1CIU 'U1^ »"" natural pnuosopny at Cambridge, was only
four years old when the first edition of the "Princh.ia" was i-ued,
and Newton outlived him by ten years. The venerable teacher
pronounced upon the young mat!

;
il, these few

but comprehensive words of eulosrv: ' If ('..res had lived, we
£." The view taken of tn

by Cotes was not the same as that held by his master. ' He advo-
cated the proposition that action at a distance must be accepted
as one of the primary qualities of matter, admitting of no farther
anal\ -is. It was objected by Hobbes and other metaphysicians,
tLi \'^ "" '" " n l ,!

'
t! " •

' ,h s! "" 1 ! i > wh< re it was not.
All our knowledge of mechanical forces is derived from the con-
scious effort we ourselves make in producing motion. As this
motion employs the machinery of contact, the tone of invitation

i .utside of all our experience. The advocates of action
that there is no real contact in any case, that

i* Hie same with the distance of molecules as that of
planets, that the mathematics are w iih, ,- U,u.-,\ d,ted nor short-

R-hich suits other torces is good
enough for gravitation.
Comte extricated himself from this embarrassment by excluding

causes altogether from his positive philosophy. He* rejects the

implying a false analogy, inconsistent with
Newton's law of distance. He sal gravitation,

!

m
'

Kl
.
v R*hich :

;
:<- facts ar*

are on an
R ith the laws of Kepler, only thev are more comprehen-

sive, and the glory of Kepler has the same stamp as that of
««wwn. negei, the eminent German metaphysicia
looked at the subject in the same light when he
words: "Kepler discovered the laws of free motion; a dis-
covery of immortal glory. It has since been the fashion to say
that Newton first found out the truth of these rules. It has sel-

' «* ri ^' the honor of the first discoverer has been
rred to another." Shelling goes farther in

same direction
: he degrades the Newtonian law of attraction

fact, and exalts the laws of Keplei
>sults of our ideas.

vhile the Newtonian theory of attraction, under the skill-
ful generalship of the geometers/ went forth Jn its triumphal

•ugh space, conquering great and small, far and near,
until its empire became as universal as its name. Tin
of Descartes offered but a feeble resistance, and were finally

pieces by the artillery of the parabolic comets; and the
' this fanciful mechanism was cleaned out as completely

as the cumbrous epicycles of Ptolemy had been dismantled by
- and Kepler. The mathematicians certified that the

inst the inroads of cometsborder warfare of one planet upon another, and that its
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lire in thewas sauiB m me nan- «iilv ;

kept open, and the lu t i d c b bs which Newton lm.I
*" im the skic "from the skies should not reappear. Prophetic eyes contemplated
the possibility of an untimely end to the revolution of planets, if
their ever-expanding atmospheres should rush in to fill the room
vacated by the maelstroms of Descartes. When it was stated

of space, would place a limit upon expansion, and, at the worst,
that the medium would be too attenuated to produce a sensible
ehcckjn the headway of planets, and when, in more recent times,
eve.: Kneke's comet showed hut the slightest symptoms of mechan-
ical di cay, it was believed that the motion was, in a practical, it

not in a mathematical sense, perpetual. Thus it was that the
- of analysis dimmed the eyes of science to the intrinsic

- of Newton's theory, and familiarity with the language
* ;— concealed the mystery that was" lurking 1

*

A long expen
mathematicians with a fund of methods and formula
similar cases. As soon as electricity, magnetism and electromag-
netism took form, they also were fitted out with a garment of
attractive and ivpul-ive forces acting at a distance : and the theo-
ries of Cavendish, Poisson, Aepinus and Ampere, endorsed as they
were by such names as Laplace, Plana, Liouville and Green, met
with general acceptance.
The seeds, which were destined to take root in a later genera-

tion, and disturb, if not dislodge, the prevalent interpretation of

the force of gravitation, were sown by a contemporary of New-
ton. They found no congenial soil in which they could germi-
nate and fructify until the early part of this century. At the
present moment, we tit er in quiet and undi-
vided possession of the field from which the grosser material of

ancient systems had been banished. The plenum reigns every-

where; the vacuum is nowhere. Even the corpuscular theory of

light, u it came from the hands of its founder, required the rein-

forcement of an ether. Electricity and magnetism, on a smaller
scale, applied similar machinery. If there was a fundamental

-- the conception offerees acting at a distance, cer-

tainly the bridge was already built l.y which the difficulty could

be surmounted. The turning-point between the old physics and
the new physics was reached in 1887, when Faraday published

inductive capacity of substances.

This discovery was re a
* '• '"it it made no

great stir in science at the time/ The world did not awake to its

full signifies ring problem of ocean telegraphs

converted it from a theoretical proposition into a practical reality,

and forced it on the an « The eminent scien-

tific advisers of the cable companies were the first to do justice to

Faraday. This is one of the many returns made to theoretical

electricity for the support it gave to the most magnificent com-
mercial enterprise.
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The discovery of diamagnetism furnished another argument in
favor of the new interpretation of physical action. What that
new interpretation was, is well described by Maxwell. " Faraday,
in his mind's eye, saw lines of force traversing all space, where
the mathematicians saw centers of force attracting at a distance;
Faraday saw a medium where they saw nothing but distance;
Fa i !.! \ sought the seat of the phenomena in real action-- <f"ing

on in the medium; they were satisfied that they had found it in a
power of action at a distance impressed on the electric fluids."

The physi tited only for the coming of the mathe-
maticians who could translate it into the lano-uaire of analysis, and
prove that it had as precise a numerical consistency as the old

-
.
at ion. A paper published by Sir

William Thomson, when he was an undergraduate at the univer-

sity of Cambridge, pointed the way. Prof. Maxwell, in his mas-
terly work on electricity and magnetism, which appeared in 1873,
has built a monument to Faraday, and unconsciously to himself
also, out of the strongest mathematics. For forty years mathe-
maticians and physicists had labored to associate the laws of elec-

trostatics and electrodynamics under some more general expres-

sion. An early attempt was made by Gauss in 1835, but his

process was published, for the first time, in the recent complete
edition ,

/' his works. Maxwell objects to the formula of Gauss
because it violates the law of the conservation of energy. Weber's
met ho was made known in 1846 ; but it has not escaped the crit-

icism ..f Helmholtz. It represents faithfully the laws of Ampere
and the facts of induction, and led Weber to an absolute nieas-

uremeiiT of the electrostatic and electromagnetic units. The ratio

of these units, according to the formulas, is a velocity ; and experi-

that this velocity is eomal re. the veh'.citv of liii'ht.

As Weber's theory starts with the conception of action at a dis-

tance, without any mediation, the effect would be instantaneous,
and we are at a loss to discover the physical meaning which he
attaches to his velocity. Gauss abandoned his researches in elec-

Be he could not satisfy his mind in regard to

te influence in time. Other mathematicians
have w.iked for a solution, but have lost themselves in a cloud of

-i. The two th.ori.s of li-rht have ex-

1 imaginable ways in which force can !.e ..'raduallv trans-

mitted without increase or loss of energy. Maxwell cut the Gor-
dian knot when he selected the luminiferous ether itself as the
arena on which to marshal the electromagnetic forces under the
symbols of his mathematics, and made light a variety of electro-
magnetic action. His analysis gave a velocity essentially the
same as that of Weber, with the advantage of being a phv-ical

t a mere ratio Of the two volumes of Mr/.Max-
the richest and heaviest cargo, the reviewer

beir author has, as it were, flown at everything: and,
tense spread of wing and power of beak, he has hunted

down his victims in all quarters, and from each has extracted
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something new and interesting for the intellectual nourishment of
his readers.'' Clear physical views must precede the application
of mathematics to any subject. Maxwell and Thomson arc liberal
in their acknowledgments to Faraday. Mr. Thomson says:
" Faraday, without mathematics, divine'.l (he result of the ma'th-
ematical investigation; and, what has proved of infinite value to
the mathematicians themselves, he has given them an articulate
language in which to express their results, indeed, the whole
language of the ,„,/</„,.•/,>//<•/</ and Unes <>/ /,,;<-, is I'araday's. It
must be said for the mathematicians that 'they greedily accepted

advantage."
It is not expected that the new views of physics will he gen-

erally accepted without vigorous opposition. A large amount of

as been honestly invested in the fortunes of
the other side. The change is recommended by powerful physical
arguments, and it disenthralls the theories of science from many
metaphysical difficulties which weigh heavily on some minds. On
the other hand, the style of mathematics which the innovation
introduces is novel and complex ; and good mathematicians may
find it necessary to go to school again l.efore thev can read and
understand the strange analysis. It is feared, that with many, who
are not easily deflected from the old ruts, the intricacies of the
new mathematics will outweigh the superiority of the new phy>ics.

The old question, in regard to the nature of gravitation, was
never settled: it was simply dropped. Now it is revived with as

igenoe. Astronomy
cast in its own mould the original theories of electrical and mag-
netic action. The revolution ;. 'i-m must
necessarily react upon astronomy. It was proved by Laplace,
from data which would now, probably, require a numerical correc-

tion, that the velocity of the force of gravitation could not be
less than eight million times the velocity of light; in fact, that it

was infinite. Those who believe in action at a distance cannot
properly speak of the transmission of gravitation. Force can be

transmitted only by matter : either with it or through it. Ac-
cording to their view, action at a distance is the force, and it

admits of no other illustration, explanation or analysis. It is not

surprising that Faraday and others, who had lost their faith in
;'

nterpretation of the law of gravitation, and tha

of the conservation of energy.
Must we then content ourselves with the naked facts of gravita-

tion, as Comte did, or is it possible to resolve them into a mode of

action, in harmony with our general experience, and which does

not shock our conceptions of matter and force? In 1798, Count
Rumford wrote thus :

" Nobody surely, in his sober senses, has

ever pretended to understand the mechanism of gravitation."
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Probably Rumford had never seen the paper of Le Sage, published
by the Berlin Academy in 1 7*2, in which he expounded his

I theory of gravitation, to which he had devoted sixty-

three years of his life. In a posthumous work, printed in 1818,
Le Sage has developed his views more fully. He supposed that
bodies were pressed toward one another by the everlasting pelting
of ultramundane atoms, inward bound from the immensity of
space beyond, the faces of the bodies which looked toward each

ng mutually screened from this bombardment. It was
objected to this hypothesis, which introduced Lucretius into the
society of Newton and his followers, that the collision of atoms
with atoms, and with planets, would cause a secular diminution in

the force of gravity. Le Sage admitted the fact. But as no one
knew that the solar system was eternal, the objection was not
fatal. As the necessity for uivinu u mechanical account of gravi-

tation was not generally felt at "the time, the theory of Le Sage
fell into oblivion. In 1*;.% Sir William Thomson resuscitated and
republished it. He has fitted it out in a fashionable dress, made
out of elastic molecules instead of hard atoms, and has satisfied

himself that it is consistent with modern thermo-dynamics and a
perennial gravitation.

Let us now look in a wholly different quarter for the mechan-
ical origin of gravitation. In 1870, Prof. Guthrie gave an account
of a novel experiment, viz: the attraction of a light body hy a

tuning-fork when it was set in vibration. Thomson repeated the

the great charm to the>< Mr. Guthri
and no doubt also for many of those who heard his expositions
and saw his experiments, was, that the results belong to a class of

phenomena to which we may hopefu 1\ look for discovering the

mechanism of magnetic force, and possibly also the mechanism by
whi -li tin forces of elect ri -itv ami oravity are transmitted." By
a delicate mathematical analysis, Thomson arrives at the theorem
that the "average pressure* at any point of an incompre^ible,

- aally at rest, but set in motion and kept in

motion by solids, moving to and fro, or whirling round in any
manner, through a finite space of it," would explain the attractions
just described. Moreover, he is persuaded by other effects be-

sides those of light, that, in the interplanetary spaces and in the

best artificial vacuum, the medium which remains has •• perfectly
decided mechanical qualities, and, among others, that of being
able to transmit mechanical energy, in enormous quantities :" and
he cherishes the hope that his mathemat ical t heorems on abstract
hydrokinetics are of some interest in physics i

- il astrating tb«

great question of the eighteenth and nineteenth centuries—Is
action at a dis

, r ,, i,,. explained, M
we now believe magnetic and electric forces must be, by action of

intervening matter ?
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t

In 1869 and 1873, Prof. Challis of Cambridge, England. pub-
lished two works on the Principles of Mathematical Physics.
They embody the mature reflections of a mathematical physicist at

the advanced age of three score years and ten. Chains" believes
that there is sufficient evidence for the existence of ether and
atoms as physical realities. He then proceeds to say: tk The fun-
damental and only admissible idea of force is that of pressure,
exerted either actively by the ether against the surface of the
atoms, or as reaction of the atoms on the ether by resistance to
that pressure. The principle of deriving fundamental physical
conception.'* from the indications of the senses does not adniit.it'

regarding gravity, or any other force varying with distance, as an
essential qu. iing to that principle,
we must, in seeking for the simplest idea of physical force, have
regard to the sense of touch. Xow, by this sense, we obtain a

"f force as pressure, distinct and unique, and not in-

volving the variable element of distance, which enters into the
;" pi >n of force as derived from the sense of sight alone.

bility, the fundamental idea of force is pressure." As all other
•' " r is p tssiv, i \cept when acted upon by the ether, the ether
itself, in its quiescent state, must have uniform density. It must
be coextensive with the vast region- in which material force is

displayed the elucidation and
defence of by a profound study of the laws
of motion in elastic fluids. From the mathematical forms in

xpressed these laws he has attempted t

suits in light

and magnetism. Some may think
nothing but clothe his theory in the cast-off garments of an obso-
lete philosophy. If its dress is old, it walks upon new legs. The
interplay between ether and atoms is now brought on to the stage,
not as a speculation sustained by metaphysical and theological

!«ut as a physical reality with mathematical supports.
I should do u-ivat injustice to this "author it 1 left the inipr. >sion

that he himself claimed to have covered the whole ground of his

system by proof M prevented him from
reaching a numerical value for the resultant action of a wave of
ether upon the atom. What he has written is the iruide-post,

pointing the direction in which science is next to travel: but the

1 of the journey is yet a great way off. The repeated protests

What p: j cr, asks the
' ; »te Sir John Ilerschel. from q.anding info infinite space ? Mr.
Challis replies that we know nothing about infinir • space or what
happens then ; but tl dstence of the ether, where our experi-

ence can follow- it. is a physi-al reality. The source of the mo-
tion which the ether acquires ^ not the sun: f-r the mo-t efficient

cause of solar radiation is gravitation and condensation. Our
Am. Jour. Sci.—Third Series, Vol. VIII, No. 46.—Oct., 1874
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author avoids the vicious circle of making gravitation, first the

reason, and afterward the consequence of the motion of the ether.

He says: "It follows that the sun's heat, mid the heat of masses
in general, are stable quantities, oscillating, it may be, like the
planetary mothm-. abo-it „«,.//, valuo. but never permanently
changing, «o long as the Upholder of the universe conserves the

farceoftfc ;es of the atoms. There is no law
of destructibility : but the same Will that conserves can in a mo-
ment destroy." The following remarks upon this theory deserve

--- "The expla '"

mng medium
Of all such s

sal and the most mysterious. Whatever theory of the c

tion of bodies holds out z

effected, men <

dy to devote the whole i

;

the motion of the ether and the driv
must come from outside the world of stars. "On either theory,
the universe is not even temporarily automatic, but must be fed

from moment to moment by an agenev external to itself." Our
science is not a finality. The material order which we are said to

know makes heavy drafts upon an older or remoter one, and that

a a third. The world, as science looks at it, is not self-

sustaining. We may abandon the hope of i \-plainin<_r o-ravitatioii,

and make attraction "it selt the primordial cause. Our refuge then
is in the sun. When we qualify the conservation of energy by
the dissipation of energy, the last of which is as much an induc-
tion of science as the first, the mal have con-

structed still demands outward support. Thomson calculates
that, within the historic

- 1

times as much median
in the historical period, the sun has emitted hundreds of

tunes as much mechanical energy as is contained in the united
motions of all the planets. This energy, he says, is dissipated

, and never has been,
probably never can be, restored to the >un. without acts as much
beyond the scpe of human intelligence as a creation or annihila-
tion of energy, or of matter itself, would be.
From the earliest dawn of intellectual life, a general theory of

the constitution of matter has been a fruitful subject of debate,
and human science and philosophy have ever been dashini: tin ir

heads against the intractable atoms. The eagerness of the dis-

cussion was the greater, the more hopeless the solution. For every
man who set up an hypothesis upon the subject there were half a
dozen others to knock it down; until at last speculation, which
bore no fruit, was suspended. A lingering interest still hung
around the question, whether matter ua, not infinitely divisible,
and the atomic philosophers were not chasing a chimera. From
every new decision on this single point there was an appeal, and



the foothold which the atoms had secured in chemistry was gradu-
ally subsiding. Of a sudden, the atomic theory has gained a new
lease of life. But the hero of the new drama is not the atom but
the molecule. In all the physical

t gem-rath

winces of
i nebulae ; from the comets

light and the aurora; from the exquisitely tempered and
mysterious ether; the forces of nature have been moving in con-

verging lines to this common battle-ground, and some shouts of
victory have already been heard. In the long and memorable con-
troversy between Newton and Leibnitz, and their adherents, as to

the true measure of force, it was eh a rg< d against the Newtonian
rule that for n occurred
hetwocn hard, inelastic bodies. The answer was, that nature had

1 the objection and had avoided this kind of matter.
Inelastic bodies .were yielding bodies, and the force which had
disappeared from the motion had done its work in changing the

shape. But unless the body could recover its original figure by
elasticity, there was no potential energy and force was annihilated.
T- :

~ now believed, and to a large extent demonstrated, that the
"" into heat, electricity,

which the change of
shape is only the outward sign. The establishment on a firm

foundation of theory and experiment of the so-called const

of energy, the child of the correlation of physical forces, i:

lite Ol molecular mechanics.

'filtrated the power of several minds, to call it an extensi

though a vast one, of Xevvton's law of inertia, of Leibnitz's

'e proved or disproved, Some chemist- Think that the at

theory is the life of <
abandoned it.
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cule of any substance as the small stance which

retains all itB extetishrt

g< urnilization of Avogadro and Ampere, thai the same volume of

every kind of matter in the state of vapor, and under the same

pressure and temperature, contains an equal number of such mole-

cules. The conception of matter as consisting of parts, which arc

perpetually flying over their microscopic orbfts and prod u ring by

th« fortuitous concourse all the observed qualities of bodies, is

as old as Lucretius. He saw the magnified symbol of his hypoth-

esis in the motes which chase one another in the sunbeam. One
of the Bernouillis thought that the pressure of gases might be

caused by the incessant impact of these little masses on the vessel

which held them. The discovery that heat was a motion and not

a substance, foreshadowed by Bacon, made probable by Rumford
and Davy, and rigidly proved by Mayer and Joule when they ob-

tained its exact mechanical equivalent, opened the way to the

d\ mimical theory of gases. Joule calculated the velocity of this

promiscuous artilleiy , rendered harmless by the minuteness of the

missiles, and found that the boasted guns of modern warfare could

not compete with it. Clausius consummated the kinetic theory

of gases by his powerful mathematics, and derived from it the ex-

perimental laws of Mariotte, (Jay-Lussac and Charles. By the

assumption of data, more or less plausible, several mathe
computing the sizes and the masses of the mole-

cules and some of the elements of their motion. It should n<

>tten that mathematical analysis is only a rigid s

• which wrong premises conduct the more surelygh- by -

been published ii: relation to the molecules the certainty which

fairly belongs to some of them would prejudice the whole cause.

One of the most inte a in molecular mechan-

ics was published by Helmholtz in 1858. It is a matl
discussh.il of what he calls ring-vortices in a perfect, frictiouless

fluid. Heh ,s possess a

perpetuity and an inviolability once thought to be realized only

by the eternal atoms. The ring-vortices mav hustle one another,

and pass through endless transformations, "but they cannot he

broken or stopped. Thomson seized upon them as the imperson-

ation of the indestructible but plastic molecule which he was

. to s;,ti>ty the present condition of physical science.

The element of the new physics is not an atom or a congeries of

atoms, but a u i ing vaj >i The molecules of the same substance

have one invariable and unchangeable mass : they are all I nn< d to

d pit.', mid, when incandescent, cmifthe same kind "t

light. The music of the spheres has left the heavens and conde-

scended to the rhythmic molecules. There is here no birth or

death or variation of species. If other masses than the precise one

which represents the elements have been eliminated, where, asks

Maxwell, have they gone? The spectroscope does not show them
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L Chemistby and Physics.

1. Fluoxyboric Acid.—Basarow has recently investigated, in

the laboratory of Professor Wurtz, tin- aei<l discovered by <-ay

Lussac and Thenard in Ih"i», and l>v them called rluoxyboric ami,

with the torn, ,1a INK > , i IF),. The acid was prepared by satu-

rating water with boron fluoride, obtained by heating m a plati-

num retort a mixture of calcium fluoride and boric oxide with sul-

phuric acid. The water readily absorbed the gas and yielded an

acid having properties exactly described by its discoverers. On
submitting it to fractional distillation, however, in

retort, nothing but boron fluoride was evolved at 140 and below,

and between 160° and 170°, there came over a fuming h .

as honey and with a specific gravity of L-777. From this point

the b'nsit\ of th - ming over

at 200" being 1 "577. Redistillation from boric oxide increased this

density. All the fra.-ti.»> - *a\ e the la-t gave an abundant precipi-

tate of boric acid on being mixed with water. From these data,

istence, since it cannot be fractionated. He believes it to be only

a solution of boric acid in hydrofluoboric acid,

complete between the reaction of BF 3
and that ot -

water ; only in the latter case the silicate separates as a gelatir
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nous mass, and in the former the acid i

the equation

(HB0
2 .(HE) 3 ) 4=HB02-f(HF.BF 3 ) 3+(H 20) 6

the relation of the old formula to Basarow's view is shown. By
repeated distillation from boric oxide, an acid of density 1 - 7

1

:
2

was obtained from the above men'
formula HB0

2 .(HF) 3
requires boron 10'6, fluorine 54*8,

•ii id water 34-6 per cent, the author actually obtained boron 14'8,

-70, and water 28-8 per cent as a mean of two analyses.
Th • ivsults c< iitirin the above suspicion and prove that the thi-

oxyboric acid of Gay Lussac and Thenard has no existence. In
the course of his research Ba<arow observed that one c.c. water ab-

"- and 762 mm. 1057 c.c. boron fiuorid . /; V v,.-. < /,.,

II, xxii, 8, July, 1874. G . F . B.

2. Ozone notproduced by the Oxidation of the Essential Oils.—
Ever since the discovery of ozone by Schonbein, our chemical text-

«' repeated his statement "that ozone is produced 1-v the
light upon oil of turpentine in presence of air. In order

to obtain more definite knowledge upon the subject, Kin

penments were directed to ascertain the rate of absorption of
oxygen by turpentine and similar bodies. lb

:e<l 3(5-6 c.c. of oxvgen
daily, but in the shade onlv 0-0 cc: from air, 0'75 c.c. Oil of
caraway absorbed 3 c.c, daily, oil of bergamot a c.c. oil „f juniper

d of cubebs 2 c.c, oil of lemon 1-2 c.c, naphtha 1V7 c.c,
i 0-19 c.c; benzol showed no absorption during

forty days. On agitating these oils, after the abso
' , colora-

tion svas mo,v ,„ h .- qui.-klv developed. Th, .-..h.r. however, did
not appear at once, but, in the case of the bergamot especially,
required several minute.. I„ continuation of this tN, an o^-

1 was found to color yellow a solution of potassium
iodide, resting upon it, and on heating to ~o\ to turn blue a piece

I >tar.-h paper, placed in the mouth of the

The paper also became rapidly blue

iieuner lead or manganese paper v.
, their solu-

inged by actual contact with the oil; a mixture of sul-
phuric and chromic acids, however, became violet Confining now
r 'y

'
:-nments to turpentine, a quantity of this substance was

placed in a bottle with an equal volume of water, air was slowly
drawn through it for many hours, and it was allowed to stand

starch paper, precipi-

ce from potassium pernmn-nat,, and ,.r.,

•ause.l no change either in lead acetate or manganese sulphate.
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The oil itself, even after washing, gave both the starch ;m.l the
chromic acid tests. On repeating these tests in vacuo, no ditbr-

"t appears that oxidized oil of turpen-
tine contains, even after \va shing, a body with tlle reactions of
hydrogen dioxide. To test this'hypothesis, the <>il was treated
with lead peroxide, inanganet a hyposulphite.
All these substances appeare<
a decreasing order. If atta

1 to destroy the active

died oxygen be the ;

must be more stable than (>rdinary ozone, which
stroyed by the hyposulphibB. Noticing that he;it, so tar fi-om

destroying the i

of turpentine oil and water were distilled incompletely. The
in tht retort, which could uou contain neither hydro-

gen dioxide nor ozone, still gave strong reactions with the starch

and chromic acid tests, as did also the residual water. Neither
the oil nor the water of the distillate gave any coloration with

either reagent. The active principle present can therefore be
neither ozone n >r hydrogen dioxide. bur a body d< rived from the

\ the action of air and water upon it. Assuming it

to be the hydrate of terpene oxide, C I0H 16O.H s
O, zinc chloride

should destroy it. Accordingly, active turpentine was distilled

with zinc chloride, and the r
—*—

stroyed. That the effect was not due to the heat employed app< ar>

from the fact hat. h< ted . Ion. . r I « t. i.n- rat ire at which,

when treated with zinc chloride.it is destroyed, it i

t the boiling point of the turpentine, 160°, it disappears,

t lie author mentions in addition, two "peculiar reactions of this

active turpentine. In the one, the oil converted yellow mercuric

oxide into a black powder, losing at the same time its activity.

In the other, a mixture of the oil and acidulated water being

electrolyzed, the oil was found to be inactive. In consequence of

these results, the conclusion is that the active agent in turpentine

oil exposed to light is hydrat. of terpene oxide. Experiments

are in progress to prove or disprove this conclusion.

—

J. L'hem.

Soc, II, xii, 511, June, 1874. g. ». b.

3. Artinu of th Copper-*,,- r„„ph „„ t!„ a,l,,r;,h*r,f ht! ,/-

le,„ n,,,l Etln'iV,^,,,-:—Gladstone and Ti ink haven utmued tl.. ir

researches on the action of the c - '•' rt ' 1 ''}"

them, upon organic bodies. In this paper, they describe its ac-

tion on ethylene and ethylidene chlorides, which are isomers

having the formula C,H 4
C1„. The former i a 1 a ->• inY gra-. iry

of 1*272 at 14°, and its refractive index for A was 1-4443.
_
The

latter-ps ride by the action of chlorine—

boiled at 51 gravity of 1'201 at 13°, and itfl re-

,. v for V was 1-4 s:l. The refraction e.piiyah-nt ot

the
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energetic, especially on the ethylidene compound. Five c.c. of
this substance mixed with twice its volume of absolute alcohol
was added to twice the usual quantity of the couple, and the

whole heated to 60°-62° for ten hours and then to 80° for three
hours more. The volume of gas evolved was 932 c.c, the theo-
retical yield being 989 c.c. There remained in the flask a viscid
liquid, readily soluble in absolute alcohol. From this solution,
water precipitated zinc oxide. The atomic ratio between the
zinc and chlorine was 1 : 1-08. This fact, together with the de-
portment of the substance to heat, leave little room to doubt that

the body is zinc chloroethylate
Q^ h<

^\ [
Zn. The evolved gas,

except five per cent absorbable l>v fuming sulphuric acid, was
ethvl hydride. The reaction appears, therefore, to be as follows

:

c,h4ci,+(
c.h.<>

\
)+.Zn,=c,H,+(c.H.

(

° \i*).

Since the action of the couple upon ethyl chloride in presence of
alcohol should produce, by analogy, ethyl hydride and zinc chlor-

cthylat.', the result now obtained proves* the somewhat une.vi.ected
fact that the replacement of an atom of hydrogen in the chloride
by one of chlorine causes no other effect in the action of the cou-
ple than the production of a second molecule of the chlorethylate.
Probably, therefore, ethyl chloride is intermediately formed.
Ethylene chloride, on the contrary, when heated in presence of
the couple, in presence of alcohol, acts miite differently. Only 80
c.c. of gas was evolved even after five hours heating, and the
atomic ratio of zinc and chlorine in the resulting liquid "was found
to be 1 : 1 -9. The action of the couple has enabled these two
isomers to be clearly distinguished from each other and the con-

r to be fixed. It has also completed the list

of the Zln " -J. Ohem. Soc, II, xii, 615, July,
1874. '

' '

G> p. b.

II. Geology and Natural History.

1. Xote* on the new edition of Mr. JJuncoSs u-ork on the Xtnio
t»-, „„./ I,;«t,-;h„t;, tll of Coral Reef* (187'4); by Jamhs I). Dana.*—Mr. Darwin, in the new and much improved edition of his work
on Coral Reefs, mentions some points in the subject, on which he
still finds reason to differ from the writer. I think that with
n gai

1
to one or two of these points he ha> not fully understood

;
and, as to the others, that the arguments and facts

• brought ,-»ut haw not receive,! al'f the consideration
they deserve. A review of some statement.-, in his work mav,
therefore, be profitable. I follow the order of
briefly stated in the first half of his preface.

of Coral Reefs, by Chaeles Dabwin, M-.
-•-•• *•- to.™ eamon, rei
London, 1874. (Smith, Elder & Go.)
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(I.) The second sentence of the Preface is as f

a's Corals i

a not laid s

ure of the sea in determining the distribution of coral reefs

;

hut neither a low temperature nor the presence of mud banks
accounts, as it appears to me, for the absence of coral reefs through-

out certain areas; and we must look to some more recondite

The first two clauses of this sentence are true—the but between
them being removed, as it may lead some readers to suppose the

alternative mine. Yet Mr. Darwin's work does not show that

even now he appreciates the influence of oceanic temperature <m t lie

ion of coral reefs. In his discussions on the distribution

of reefs and the causes limiting the same, this agency, the chiefest

with marine life, both for depth and surface, according to all

zoologists, is scarcely mentioned. There is one allusion t<> the

subject on page 81. Mr. Darwin says: "I at first attributed this

absence of reefs on the coasts of Peru and of the Galapagos

Islands to the coldness of the currents from the south, but the

Gulf of Panama is one of the hottest pelagic districts in the

world;" and a n<>tv i- added. >j\ Mires of the

region referred to. Thus the cause is set aside even for the seas

along the Peruvian coast, although the mean winter temperature

of the water there i- lower than exists in any reef region in the

world, and is therefore sufficient of itself to exclude reefs. The
fact that there are only small patches at Panama, where the tem-

perature is tropical, does not annul the fact that the seas <>\ Peru

and the Galapagos are too cold for corals. Where ten

excludes, there is no use in discussing other unfavorable condi-

The causes limiting growth and the distribution of re. r-> i.-iki ig

corals and coral reefs, which I have discussed and applied in my

(l.) Marine temperature.
(2. ) Fresh and impure waters from the entrance of large rivers;

and muddy bottoms.
(3.) Deposition of sediment borne by rapid tidal currents

(4.) The depth of water along coasts exceeding 100 feet, that is,

the depth to which reef-corals may grow—a common
1

'
r.asts, and often explaining, as I have found,

the reef-bordered and open coasts of the

{£) Exposure to the heat of submarine volcanic eruptions (pp.

•299-317). ., - .,

(6.) The progressing nee J™
raPl* tor

,

*h?
! •• - • I-.-'-,.:', •

•

-•-:.--
cause mav lead, in atoll seas, to very narrow fringing

oils and a more or less complete o

Iv, to a complete disappearance of the island

(pp. 332, 369).

i along bold
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,nd temperature of ocea

for the non-distribution of centra

I The direction and temperature of oceanic currents (p.

ral-Pmtmg ft

species of corals to the Panama coast, and the paucity of species

there, with the absence of the large Astrsea group and the Madre-

On this last point I say in explanation, on page 112 :
" Owing to

the cold oceanic- currents of the eastern border of the Pacific—one

of which, that up the South American coast, is so strong and

chilling as to push the southern isocryme [the line passing through

points of equal mean oceanic temperature for the cold

of the year] of 68°, the coral-sea boundary, even beyond the

Galapagos, and north of the equator—the coral-reef sea, just east

of Panama, is narrowed to 20°, which is 36° less of widi

has in mid-ocean ; and this suggests that these currents, hy their

temperature, as well as hy their usual westward dir«:th>.>. have

proved an obstacle to the transfer of mid-ocean species to the

Panama coast." For the same reason, the transfer of corals—

warm-water species—from the West Indies or Bermudas, east-

ward, to western Africa, is impossible. The width of the coral

reel' re-ion on the 'African side of the Atlantic is only K* ,
while

it is 48° toward the American coast, and the tropical current is

eastward.

A proper understanding of the action of the various causes

inri \ -n.-ing the uTowth ami distribution of polyp- am! .

have been mentioned in the preceding paragrapl -. may leave much
less than has b hat "more r

I did i

change of level

—

on which Air. Darwin lays i .

recognizee! the fact that when a rise, like that which has occurred

at the island of Oahu [putting an extended range of n

feet out of water], takes place, and so divides the area of reef into

an elevated and non-elevated portion, the latter will be, on this

account, narrower than it would have been had the land been

stationary. But the cause does not appear to me to have very

(II.) The third sentence of the Preface reads thus :

'•Professor Dana also insists that volcanic action prevents the

growth of coral reefs much more effectually than I had supposed;

but how the heat or poisonous exhalations from a \

•h'.it. cireui'iitbroiiec of a large island is not char.

:- follMwod bv tlu- remark: " Nor does this fa

established, falsify my generalizaf
action are not found within the
are often present within those of elevation."

In my discus-ion ,.» this .u l>iect \ have attributed the destruc-

tion here referred to about islands of active, or re«-

voh-an >s, not to aerial eruptions, as might be suspected from Mr.

1-btnvl i's words, but to submarine; and I happen to have said

''•out "exhalations." Ih usions espe;

cially from four examples (pp. 302, 305, 306), the island of Hawaii
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(Sandwich Islands), about which recent eruptions, and partly sub-

marine, have taken place on the east, southeast, south and" west
slopes of the island, or through more than half of it- circumference

;

Savaii, the largest of the Samoan or Navigator Islands, and the

last of the group to become extinct, as its lava streams show ; the

eastern half of Maui, whose great crater must have been recently

in action, while the western half hears the fullest evidence of long
extinction; and the northern extremity of the Ladrones. 1 Mate
that reefs often occur on favored parts of even such volcanic

island-, as they well might if submarine eruptions were the cause,

and I mention examples; thus agreeing with Mr. Darwin's criti-

cism that "the existence of reefs, though -cantily .lev. -loped, and,

according to Dana, confined to one part of Hawaii, shows that

recent volcanic action does not prevent their growth." My state-

ment about that Hawaiian reef is worded thus : "the only spot of

reef seen by us was a submerged patch off the southern -ape of

Hilo Bay." Mr. Darwin cites an observation with regard to the

occurrence also of reefs on the northern coast of Hawaii, which

accords precisely with the principle I have laid down, since the

northern part of the island is, as I state in my <b ological^ l!ep..rt

of the island, that which was earliest extinct, and is oldest in all its

features, and therefore that which would not have been r. ached

by the submarine eruptions. The western peninsula of Maui, or

the old part, has its coral reefs, while the eastern, or part recently

active, has almost none. Savaii, in like manner, has coral reefs

on its western and northern shores, while elsewhere without them.

I failed to find evidence in the case of either of these volcanic

regions that they are situated within areas of elevation rather

than subsidence.' Onh/ tfi, mite* west of Savaii lies the large

island of Upolu, having very extensive reefs—on some parts of the

north side three-fourths of a mile wide; and it has not seemed safe

to conclude that, while Upolu thus bears evidence of no movement
orof but little subsidence. Savaii was one of elevation :

or that the

north and west sides of Savaii have differed in change of level

from the rest of the island. In the Maud ••( Maui, having reels

on its old western half, it can h:i M » peninsula

•i e western. In the

linear group of the f.
*'* •>>' :it the north

end; the island- of the -'-roup are very -mall at that end. without

coral reefs, while large at the other and with broad reefs. One
of them, Abb passed, is

only a small, steep, hid- r cone, the vent of a submerged vol-

canic mo I
rd, therefore, some reason for my

-tat, „„ nt that -
tl I. idro. es appear to have undergone their

nge; and
'•-

The general proposition, that active yolcanos

areas of subsidence
received. As rega

('appears to me to need better proof than it h

,rds the Pacific Ocean, I have found nothing 1
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Mr. Darwin—that the sinking could have been no obstacle
and cotemporaneous working of volcanos.

(III.) The next point in the Preface is a ri«ht correctio
misunderstanding on my part of one of Mr. Darwin's state
It says: "Professor :

I

;
that I look

g reefs as a proof of the recent elevation of the land,
but I have expressly stated that such reefs, as a general rule, indi-
cate that the land has either Ion? remained at the same level, or

levated. Nevertheless, from upraised recent
Pound in a large number of cases on coasts

which are fringed by coral reefs, it appears to me that, of these
two alternatives, recent elevation has been much more frequent

tionary condition.."
When my work passes to a second edition, I shall make the

needed <

But 1 still hold that, while barrier reefs, as Mr. Darwin urges,
an- proofs of subsidence, small or fringing reefs are in themselves

vidence of a stationary level, and are often evidence"" «.i.-i mm ewuence oi a stationary [eve
of subsidence, even a greater subsidence t...... ..

i already stated that one cause limiting distribii

greater subsidence than is implied by barrier
i^i-. i nave aireaay stated that one cause limiting distribution
ol reefs is bold shores, a wall of rock of even a hundred and fiftv

lusion. If Tahiti were to subside
1
feet, it would be an island of precipitous shores all

-as. instead of o il( . with broad shore planes.
a shores are evidence of subsidence; and as only very

if any, could find footing about such an island, the
narrow reef would be another consequence of the subsidence, and
no evidence of a stationary condition. Again,
ot an atoll, like the Gambier group, or of a Tahiti with its barrier
'•< K at a rate a little fast for the growing corals, would neces-

tract the reef region, reduce the barrier reefs of a

,

1;i!,ni to >uin-ow fringing reefs: and make an atoll, however
large, a small atoll with the reef-border narrow and the lagoon

'

"•' I- An itoll thus reduced to a sand bank is an
example of the effects of subsidence, and affords no evidence of
' 1< \ it mn or of a long stationary condition of the region ; and the
same may be true of a region of narrow fringing reefs. I landed
on twooi the small coral islands of the equatorial Pari tic which

the condition here described; and my book contains
descriptions of others from a good observer, J. D. Hague, who

•for the purpose of Btn •
character and formation of the deposits" of guano. I found the
depression of the old lagoon, in one case partly in the other

V "".I I found also that the living reefs around were
narrow. Mr. Darwin inclines to regard Mauds of this kind as
eitner evidence of no movement, or, of elevation. On the con-

towJ'f?r
the

.

coral-islands of the south Pacific diminish in mz*
toward the region of these small islands, and since tl

ri™L 5J°?u 1°
n°rth and northeast, is free from islands, and

tinuation ot the coral island subsidence to its nearly fatal end,
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I believe still that I was right in considering the ocean bottom in

this part to have undergone a general subsidence greater than
that to the south, southwest and west, where the atolls and harrier

reefs are large.

Again, if submarine eruptions are destructive, narrow reefs may
exist about volcanic islands that are undergoing a subsidence.

Making; a reef i

the present cenl

chance in the past "to form, except along the c

of reach of the submarine action.

With so nianv causes for the existence of narrow or fringing

reefs, or of small patches of corals, it is assuredly unsafe to make
them, without other corroborating testimony, evidence of a sta-

tionary condition of a region, or of an elevating movement rather
than a subsiding.

(IV.) The next point in the Preface is stated as follows

:

"Profesor Dana further believes that many of the lagoon
islands in the Paumotu or Low Archipelago and elsewhere have
recently been elevated to a height of a few feet [elsewhere stated.

two or 'three feet
j
although formed during a period of subsidence

;

but I shall endeavor to show, in the sixth chapter of the present

edition, that lagoon-islands which have long remained at a sta-

often present the false appearance of having been

ed." And, in the bodv of the work, where the sub-

up (p. 168), Mr. Darwin remarks that my belief in

m>unded chiefly on the shells of

Tridacnas embedded, in their living p. virions, in the coral rock at

heights where they could not now survive.

The catalogue of such elevations which I give—after a dozen
pages devoted to a discussion of the evidence respecting each—is

Paumotu Archipelago, „ Honden,
" Clermont Tonnerre, -

Ducie's,
Tahitian Group, ..

Hervey and Rurutu Groups, Atiu,

Mitiaro,"

Savage Island, .'.'.

Samoan or Navigai
North of Samoa,

Bolabola,- ?
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Scattered Equatorial Islands, Washington,

Howland'a
Phcenix and McKean's
Enderbury's,

North of Feejees, Home, Wallis, I

Sandwich Islands, Kauai,

Nonouti, Kuria, :

of Tridaonas alluded to ; these are
Tonnerre, in the Paumotus. It is

evidence for the several oases, as it is stated at length

Mr Darwin, while speaking on the subject of local elevations,
rs as regards the Saraoan (Navi-

gator) Islands, adds that "in mm:
j )ana] gay8

' -"» "f tl. |-aiM,.anJ isl :il .d^ br pmhaUv Md-
s " '".'•, hn,m th " !

i i^Sainuan
-ul^idence, like the elevations under con-

But in fact my statement is in a chapter on the

(p. 326), 1 cite Mr. I)ar« in', conclusions as to the Gambler Island
:i «" 1

l
,ut wit]l ir m

>
" Uli fr"<" the width of the reefs

Ma.nk At the same place I

allude to tl,
, J to

the west, as proved by its bold shores and small reefs.

iely, for the reasons above stated,
'"

'

"
:

'—
' ' - •' . '•

work T m h* Pacific
>
and b^ieve that the new edition of his

^nLt A lUl
v

aPPfciation of some of the most important
causes that have limited the distribution of coral reefs, I have, as



I say in my work, the fullest satisfaction in his theory for the
origin of atoll and harrier tonus of ret- is, and in the array of facts
of his own observation which illustrate the growth of "coral ibr-

2. The Mineralogical and Geological Collections of the late Dr.
Gerard Troost, formerly of Xashvill. , T< mi., have been purchased
for the sum of $20,000 by the Trustees of the Public Library in

the city of Louisville, Ky. Dr. Troost's well known cabinet s,"t he
fruits of more than forty years of industrious collecting, contains
13,582 specimens in mineralogy, 2,8 J 5 organic remains, between
2,000 and 3,000 rock specimens, besides a considerable collection
of modern shells and some archaeological specimens. The miner-
alogical collection is catalogued and minutely described in two
large manuscript volumes.

">. Mi,,- r-il ;//.</ i ,.,j ;i,,.,;.. ns {lf <,\ r„m Hath, of Bonn.
No. xiii. (Pogg. Ann., clii, 1874.)—This new number of Votn
Rath's mineralogical papers contains notes on the cr\>;
of Tridymite; on a crystal •

>?' ealeite from the amygdaloid of the
rior re--ion;* ;i peculiar twinning of rati;'- and hematite;

»le crystals of artificial native copper; hypersthene of
I

I

l m r i >ore in Auvergne ; on Foresite, a new zeolite from the granite
°f Kllia; and the notes at the close contain observations on some

[spare, aod on crystals of cordierite, from Lake Laach.
The article is illustrated by a large plate containing numerous
excellent figures of the crystals described. A large part of them
repres.-nt remarkable twins of the species tridymite. The new
zeolite, Foresite, is orthorhombic, and near stilbite in form, with
a very distinct, pearly cleavage parallel to il. Octahedral facts

on the summit make an angle of about 1 21° with il and 3 32° with
O. Gr=7-403--7407 (at 170° C). A mean of the analyses gives
silica 49-96, alumina 27*40, lime 5'47, magnesia 0-40, potash o-77,

soda 1-38, water 15-07
; from which the oxygen ratio for the pro-

toxide, alumina, silica and water is 1 : 6 : 12 : 6.

4. Fifth Annual Report of the Geological Suvcg <f Indiana,
made during the year 1873; by E. T. Cox, State Geologic

;

a-sistcd by Professor John Collett, Professor W. W. I>okokx
and Dr. G. M. Levette. 494 pp. Svo, with four maps.—This
volume opens with a Report on the Vienna Exposition of 1873, to
svhich Mr. i o\ \va< i.'ommis>ioner from Indiana; and a chapter
on Spiegeleisen Manufacturing by PI. Hartmann. Alter these

Geological Report,"in Beyers] of

the counties of the State is described, and information is given

3 mineral products of economical importance,

analyses of iron ores, timed s cement rocks.

Palaeozoic Fossils. Vol. II, Part i. By E. Billings, F.G.S.,

Paleontologist of the Geological Survey of Canada under Alfred
C. Selwyx, Director. 144 pp. 8vo, with 9 lithographic plates of
figures of fossils.—Mr. Billings continues in this volume the pub-
lication of hi ntological labors connected with
the Geological Survey of Canada. It treats of fossils of the Gaspe
series of rocks (which are Upper Silurian and Devonian in age)

;

itf;;;



on new fossils from the Primordial of Newfoundland; on the
gf-'iui- Strj,-U,,H<l'u>',n, and the Canadian species ; on the structure
of the Crinoidea, Cystidea and Blastoidea ; on some fossils of the
Arisaig series of rocks (Nova Scotia Upper Silurian).

6. Revision of the Genera and Species of the Tulipece ; by J. G.
Baker, F.L.S. Jour. Linn. Society, 14, no. 76, July, 1874.—This

I monograph fills almost a hundred pages of the Linnean
Society's .Journal. It is prefaced by an instructive account of the
structure of the flowers, fruit, and especially of the bulbs of this
group. Mr. Baker remarks that : "The group now under considera-
tion has ncv H | in this re-

edes from the typical Liliacece, as I intend to explain more
her on." Yet we find it nowhere explained how there

can be any more typical Liliacem than Lilium itself and its nearest
allies. As might be expected, he is "now M ure satisfied" that
Lxhacem and Colchicacem are not to be ordinally separated, by

i from the Liliaceous side,— a conclusion which
study of the Melanthaceous and other genera will be likely to
confirm.

The Tulipaceous genera are here reduced to six : Fritillaria,
with 5o admitted species, Tulipa with 48, Lilium with 46, Colo-
-Ir rf.,« with .1, /:,ythn„,; tltl . with .',. and /./.„/,/;„ with 4 spe-
"— Nearly all inhabit the northern hemisphere; Tulipa be-

,
and the characters of the bulbs play a conspicuous

I i on. Dr. Kellogg's L. Washingtonianum of
California is our sole representative of the Mtlirion subgenus ; L.
Philadelphicum and L . ,v ],ji (

,
( ,f the Mw-

t-t.,.„, s,.,-ti..n we ivj..icc in L. < '.mud, „,v , ,f t ],i- ca-t. with three
u or Pacific varieties appended ; L. r« r</. >l ;,,.,, , Ke :-_-.

with three appended varieties, one of which, Bourqcei, from Lake
Winnipeg, needs further looking to, being far out of range; L.

with L, r,/,.,./;,, ;„„,„„ Micliv. a s a vurietv (the flowers
of this, as we know it, are often smaller than in the larger forms
<>t L. r,n,«,1a,a,

, and the bulbs of the two by no means so distinct

f Utah, and the coast
range of California, said to be known by its narrow acute perianth-
segments; L. Cohonbiaxvm of Hanson, from Oregon, said to be

shed from the smaller L Canadense mainly by the want
of rhizoma to the bulb; and / A to which
Kellogg's Bloomerianum is referred.
Of the ten subgenera of FritMnrla. six have tunicated bulbs

• to the Old World—with one exception, if we follow
linker. For he refers to his third subgenus our American

F.pudic (A;/,,,,,,/ rw n.-,n ,. >,>,j;cn>,i

ted-bulbed subgenus

really 1

«

pretty little species, all is well ; but the bulb

' pud
gly gives to that coated bulbed subgenus

fied thisnbtirion. If he ha
/ little species, all L „„

nly appears to have the same structure as the other Ameri-
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ng American H'ntiUariiv arc

three su I genera, which as to our species will

We do not reckon F. alba of Nnttall's < ienera,
" ~*. NuttalliL

scaly bulb,
forms the tenth subgenus.

Wrytkronium has a majority of American species. The key
confines E. grandiflorum to yellow flowers, which does not accord
with most of the (. 'aliforniuti, and seemingly also of the Oregon
plants referred to this species. K propullans is remarkable for

its small flowers as well as for the remoteness of the new hull).

After what has been done for Calochortus by .Air. Watson in this

country and .Mr. linker in laiirhind, w-e may soon hope to under-
stand this attractive but still difficult genus. The section Cyclo-
hnflrrn^ being restricted to Mexican species, with tibrose-tunieated
hull is and narrow pods, the northern one- before referred to it

constitute linker's section M-i.-mdt m/,< ; and lie distributes <%/!<,-

diortu* jtyupcr, with membranous bulb-coatings, into two subgenera,
/' '' irpas, with an oblong capsule, and Mariposa (an apt use of
the Californian popular name, meaning butterfly), with narrow
pods,—a difference which is seldom available at flowering-time,

••ni'l apparently of barelv specific importance. Of the species there

is somewhat vet to be 'said and done: but Mr. Ibtker is heartily

to be thanked for this as well as for other parts of his valuable

elaboration of Liliacew. a. g.

7. .lst.r„<il Urmrth /,-„„> >'• Pf.thdhi* / /''./-• rr*t;,;,.—\h'.

Farlow's paper, published last spring in the 10th volume of the

Proceedings of the American Academy of Arts and Sciences, has
ll|j 'n reprinted in the current (14th) volume of the London Jour-
i';d of MmroMop'iral Science, with a few additions by the author.

The figures are neatly reproduced in two plates. The correction

as to the species ,>t'PA/v',< concerned is here mad-, in the title and
elsewhere. When first published the plantlets were supposed to

be P. serndafa. but the correction was appended in a note in the

Proceedings of the American Academy. We are sorry to find

that, through some editorial oversight, I»r the want of it. the fact

that this paper is reprinted from the American Academy's Pro-

ceedings, vol. 10, is not stated. The author of the paper has now
returned to tins country, and we understand wid take charge of a

laborato! in I harvard l"ni\ ersity. A. G.

8. Zizru, ;, i Rice, as appears from Gardeners'

Chronicle for August 1, is a new material for paper, of much
promise. Other grasses have been more or less used; but we
were not aware of the employment of Zizania. The British

market is to be supplied from Upper Canada (Ontario), by a

company organized foY tin purpose.

9. Botany of S. Pacipr EV-phrfng E !< '• ><' r Adhxra?
U "v./-. ,..._}{',„.,'. tl|:l , ., ,j', )/1 .

I1 v „.n> ,,._„,. rh. Mbran < ommittee of

Congress began the printing of the 17th volume of the results of the

Am. Joub. Sci.—Thibd Sekibs, Vol. VIII, No. 46.—Oct., 1874.
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V. S. Exploring Expedition under Commodore Wilkes. It was de-
voted to the lower Cryptogamic Botany and the general botanical
collection made on our Pacific coast, from Puget Sound to San Fran-
cisco. The earlier part of the volume was printed in . u before tin-

year 1862. It contained, 1 , the Mosses, by the lamented Sullivant,
who secured a small separate edition with letter-press in folio, to

match the plate-
; a few copies of this are still to be had. 2. The

Lirh> »<* by Professor Tuckerman; the Algm by the late Profes-
sors Bailey and Harvey; the Fungi (only 31 species) by the late

Dr. Curtis and Mr. Berkeley. The present writer secured some
extra copies of this portion, and also of the plates of the portion
next to be mentioned, and distributed them so as to make them

known among botanists. A year and a half ago, shortly
before the lamented death of Dr. Torrey, the MSS. of his report
on the Phaenogamous plants of our Pacitic coast was called for : it

has been carried through the press since the author's death. The
present writer secured a small edition, and lias had these parts,

with the large folio pl :l ,«.. folded), made into a bound volume,
entitled U. 8. Exploring K-r>du;..„ ll.i.tn >/. I. Lower Grypto-
gamkt. II. Phanerogamia of the /'arip'r ,-,„/> ,>f Xorth America.
It is an imperial 4to, of 420 pages of letter-press, and 29 plates.

Only 20 copies are on sale, with Westermann and Co. in New
\ork. and at the Herbarium of Harvard Cni\ ersity, Cambridge.
From the same may be obtained a very tew copies' of the Mv*ei
of the expedition, by Sullivant, which' properly belongs to the
sane- volume, but of which I he letter pros was made up in double
columns into imperial folio pages and bound with the plates into

a substantial volume. The government copies of the volume, only
one hundred in number, are not to be had, bavin- been all pre-

sented to foreign courts and State authorities. a. g.

Ill Miscellaneous Scientific Intelligence.

1. Territorial School of Mines, Colorado.—A school of mines
has been established by the Territorial (dovernment at Golden,
Colorado, one of the best places in the countrv for practical in-

struction. E. J. Mallett, Jr., is Dean of the Faculty and in-

structs in jug. £. l. Bekthovjd, in Civil

Engineering and Geology
; li. Pi: m ; < ,:, in Theoretical and Practi-

ce; J. Pooi.k, in the Mechanical I 'reparation of Ores;
F. Schmidt, in Mathematics, German and Spanish, and A. Lakes,
in Free-hand and Mechanical Drawing.

2. Alexander Wih,,,,.— A -tatm" of Alexander Wilson, the

-. will, in a few weeks, be erected within the burvin.ii-

ground of the abbey of Paisley, and within a few minutes' walk
of the spot where he was born.—Athenceum, June 27.

.;. >>.,-.'.', |„„„„/ /;,,„„./ „„ ,/„ x,,,.;,,,,^ /;,„.,/../„/ „„d <.tl»r

L valuable r- p r- <•;.
.

' .•".'
merous woodcuts are unusually good, and, with few exceptions,

range by the author.
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4. Half Hours with Insects.—-Prof. A. S. Packard, Jr., is con-
tinuing his chapters on Insects, in the Half-Hour Recreations in
Natural History of Estes & Lauriat. The third part (out of tin-

twelve to be issued) treats of the Relations of Insects to Man.
5. .British Association.—Detailed reports of the papers read at

with No. 251, August 20th, which contains Prof. Tyndall's address]
6. Dana's Manual of Geology.—An engraver's mistake which

was corrected in the stereotype plates of the first edition of this
work, has passed without correction in the first issue of the second.
In the map of England on page 344, 8 should be 9, and 9 should
be 8. It will be made right before printing again.

Death of Prof. Jeffries Wyman.—This most estimable man
and most excellent naturalist—facile princeps of American com-
parative anatomists—died suddenly at Bethlehem, N. H., on the
4th inst., and his mortal remains were committed to the earth in

Mount Auburn on the 8th. He was born at Chelmsford, Mass.,
August 11, 1814, and had, therefore, just completed sixty vears of
age. He was graduated at Harvard University in 1833, took
his medical degree in 1837, pursued his medical, and especially
anatomical and zoological, studies at Paris for two vears, when,
i

• ir i bg; to Boston, he was for a few years curator of the Lowell
Institute. Here he delivered two courses of lectures on compara-
tive anatomy and physiology (one of which was published); and
here he first developed those admirable gifts as a scientific instruc-
tor which made him such a favorite with all serious students,—the

dally of lucid and well-ordered exposition, from which all

adventitious matters were rigorously excluded. In 1844, he ac-

cepted the chair of anatomy and physiology in the medical school
at Richmond, Virginia, a branch of Hampden-Sidney College. In
1847, after the death of Dr. Warren, he was reclaimed by his
alma mater, and made Hersey Professor of Anatomy at Cam-
bridge, Dr. Holmes having been appointed to the chair in the
medical school in Boston. Prof. Wyman's position secured to
him a good opportunity for prosecuting his researches, and for

building up the museum of comparative anatomy—the objects
which he had most at heart—but only a slender salary. After a

versity and to science, and who stipulated that the income
of his endowment should be paid to Prof. Wyman throughout his

life, whether he held the professorial chair or not. He fultilled

its duties most acceptably, down to a recent period, when his state

of health, for a long time delicate, and of late requiring a milder
•

sation, of his lectures and class work. But he merely changed the
kind of work. When the Peabody -Museum of American Arche-
ology and Ethnology was established, the founder made Prof.

^ yman one of his trustees, and the board committed the incipient
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before his lamented decease—and, still more, the museum itself,

which already takes high rank anions siu '
. -; ] li-hinents, testify

to his devotion and rare ability. Whatever this museum may
become in after years—and much may be hoped of its f'utun— it

must, for a long while, be Prof. Wyman's memorial, equally with
that of its founder. Means have been wisely and liberally
provided, and his associates have done their part ; but the mu-
seum has been created by Prof. Wyman. Arranged by his own
unaided hands, it bears throughout the impress of his untiring
and conscientious labor, scrupulous accuracy, and orderly and

ifi mind.
We cannot here undertake to recount his written contributions

to science. They are mainly contained in the Journal and Pro-
ceedings of the Boston Natural History Society, of which he
was for more than a dozen years the faithful president ; in the
Smithsonian Contributions to Knowledge, and in the pages of our
own Journal. That they were not more numerous and 'important
than they are must be attributed, partly to the insidious disease
which for years has >appcd his strength, partly to over-caution
and the desire of completely mastering whatever he undertook,
partly to a very dispassionate and unambitious temperament. He
was one of those rare men who, in more than one sense, are " not
easily provoked." Although his judgment— as keen as cool—was
always wakeful, and his love of exact truth pervading, it is not

remembered that he ever had a controversy. It was said by an
experienced judge of character, who knew him long and "inti-

mately, that the Beatitudes ought to be read at his 'funeral, for

few, within his knowledge, had so nearly exemplified them.
Professor Wyman had -uttered from pulmonary disease for

many years, and his life has of late been very precarious. But
the present year seemed, on the whole, assuring to his friends of a
longer respite, when a hemorrhage of the lungs suddenly termi-
nated his most useful and honorable career. Tie leaves two
daughters, children of his first wife, and a youthful son by his

second wife, who did not long survive the birth. a. g.

Third Report of the Meteorological Office of the Dominion of Canada, for the

. M. A.. Superintendent
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Art. XXVIL—On the Number and Distribution of the Bright

Fixed Stars ; by B. A. Gould.

(Read before the American Association for the Adv. of Science, Aug. 17, 18U.)

The magnificent work of Argelander entitled "Durchmus-
terung des nordlichen Himmels," is well known to lovers of

astronomy. His problem was no less than the formation of a
complete list of all the stars of the northern hemisphere to

the ninth magnitud in. Insive. together with as many as possi-

ble of the 9-10 magnitude. The undertaking was successfully
(

'

;: 'i'i ,| l out, affording not only an exhaustive series of (harts.

but likewise a " working-list," which an association of northern

observatories is now employing for the determination of the

accurate positions of the 315,000 stars which it contains. It

tore records the aspect of the visible heavens, at the
time, with an accuracy amply sufficient for all purposes which

In this work, the magnitude of each star was estimated to

the nearest half unit as it passed through the field of view

;

and since all the stars were observed more than once, and most
of them several times, the mean of the several estimates was

I is given in the published catalogue to the nearest

tenth of a unit In 1869 Professor Littrow of Vienna made a

careful enumeration of the number thus given for each degree
of magnitude, in order to ascertain how far the results would

aa approximate uniformity of distribution for the stars

lying within the portion of space under consideration.
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Could we assume, 1st, that, in general, the apparent brigh

ness of a star depends upon its distance from us, all being ol

the same order of intrinsic brilliancy, and 2dly, that stars are dis-

tributed through space with approximate uniformity, the total

number visible
'

portional to tt

this magnitude
tion to the truth, which is fairly attributable

mentioned, may be inferred from the degree of accordance
which can be obtained between two series of numbers, the one
representing the number of stars of each successive order of

magnitude actually existing in the heavens, and the other

being proportional to the contents of those spherical shells

whose limiting radii correspond to these respective magnitudes.
If any accordance at all satisfactory should be found to exist,

it would render the assumptions probable to a corresponding
extent, and would afford at the same time an independent,

even though indirect and crude, determination of the constant

ratio between the amounts of light which belong to two succes-

sive magnitudes, and thereby an indication of the relative dis-

tances of the stars.

If the data on which the inquiry is based be sufficiently ex-

tensive, we may reasonably expect that the effects of considera-

tions from perfect exactness in the general hypotheses
will be masked in the totals, provided the assumptions be not

essentially erroneous. But there are serious difficulties in the

way of an accurate comparison, arising from the inadequacy of

our data, in consequence of inevitable errors in the estimates

of magnitude, the moral impossil ting exactly

the same ratio for different degrees of brightness, and other

aim- -st equally important obstacles. Notwithstanding all these,

Professor Littrow considers his results as justifying the belief

that there is a considerable degree of general uniformity, both

in the distribution and the intrinsic brilliancy of the fixed stars

which belong within the limits of this investigation ; suffi-

cient, indeed, to warrant an application of the formulas, result-

ing from this inquiry, to regions outside of the distance of 9th

magnitude stars. From a discussion of the numbers given by
the Durchmusterung as far as the 8th magnitude, assorted

according to whole units, he obtains the value 0423 as the

ratio of brilliancy between typical stars of two successive mag-
nitudes

; and similarly from' an assortment by half magnitudes,
comprising all stars to the 8th magnitude inclusive, he obtains

the value 0431. Each of these computations gives, for the

average distance of a star of the 9th magnitude, about 26 times
that of the most distant first magnitude star.
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The discordances between the numbers obtained by enumera-
tion from the Durchmusterung and the empirical values deduced
from Professor Littrow's formula, vary satisfactorily in sign

;

and the sums of the positive and of the negative residuals are
nearly equal for the groups from 3{ to 8$ inclusive, when the
residuals are reduced to fractions "of the computed values.
Still some of the discordances are large, the difference for stars
of the 4th magnitude amounting to more than one-third part
of the empirical number, while for those of the 9th magni-
tude it would exceed one-half of the whole. The appended
table exhibits the number of stars for each half-unit of magni-
tude as obtained from the counting, and from Littrow's formula,
according to which the number comprised within the half-

magnitude m is given by the expression

Zra= 0-6098 (3-5295)"1
.

To these I add the values corresponding to another formula,
which I have deduced for the purpose of giving a somewhat
better representation to the stars brighter than the 3± magni-
tude. In this the light-ratio for each magnitude is 04523 and
the number of stars comprised in the half-magnitude m is

Zm= 1-0691 (3 2878)"*.

The residuals appended to each of the empirical series repre-
sent the excess of the computed numbers over the observed
ones, expressed in hundredths of the former.

Ma, Conntea. rasa Terence
fS, »>*—

1 6 3 5* -11

}k H +38

h +43
-89 38 -34

H 50
125 + 2

** +40
379 334

•H + 26
1350

.* 2231

H
14625 146.%

+ 12

14600 + 1

H •>-'

Ihe marked defect of the computed numbers for stars of the
9th magnitude has led me to include the several values for
this magnitude in the table, although they were intentionally

omitted in deducing the formulas. I do not think that any
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expressions of the form abm can be found which will represent

all the values to the 8^ magnitude inclusive, with an essentially

better accordance. The numerical values of the residuals

might be very slightly improved by using the method of least

squares, but not to any important extent. The discordance of

the formulas given would be still greater for stars of the 9|
magnitude, since Littrow's gives 9 7",370 stars and my own only

87,040, while in the Durchmusterung there are 177,005 stars of

the 9-3, 94 and 9'5 magnitudes; those of the 9'6 and 9'7, which

are needed in addition to make up the half-magnitude group,

not having been observed.

It would thus appear that, unless the fainter stars of the

Durchmusterung have been estimated much too bright, the

hypotheses in question cannot be extended beyond the 8£

magnitude, even if they are to be regarded as approximately

representing the tenth for the stars up to this limit, the distance

corresponding to which would be, according to Littrow's for-

mula, about 22 times, and according to the other formula about

18 times, that of a star of the first magnitude.

The Uranometria Nova of Argelander, which gives the care-

fully observed magnitudes of all the stars which he could dis-

tinguish with the naked eye, afforded the standard for the

magnitudes of the Durchmusterung
;
yet the first glance makes

manifest large discrepancies between the rapidly made estimates

in the latter work and the sharp determinations of the former.

The recently published revision and extension of the Uranome-
tria by Professor Heis of Aachen, assigns the magnitude to the

nearest third of a unit for every star which he could discern,

the lowest being 6£, or one-third of a magnitude fainter than

Argelander's inferior limit. The far greater precision of these

determinations would give a more trustworthy basis for our

inquiries than the Durchmusterunu affords, were the numbers
large enough to eliminate such irregularities as may justly be

treated as accidental ; but this seems not to be the case.

The completion of our Argentine Uranometry now augments
the number of accurately determined stars, and renders it possi-

ble to assign the actual magnitudes for all stars throughout the

heavens which are easily visible to the naked eye. 1 have

taken much pains to secure an accordance between the adopted

scale of magnitudes and that employed by Argelander in his

Uranometry, and regard it as unlikely that the probable error

of our individual magnitudes exceeds one-tenth of a unit, bo

too does Heis seem to have omitted no efforts for securing an

accordance of his work with the same standard, and it is im-

probable that any essential error can cxi>: ii these < -tii inters

made as they are by an astronomer of exceptional keenness of

sight.
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It is thus easy to ascertain the total number of stars in the

firmament for each grade of magnitude within Heis's limits.

The results are esp© since every individual

magnitude has been determined by careful and repeated com-
parisons with established standards and the same scale ; and
there now arises the interesting question, how far the accurate

,
for stare as bright as

heavens, would agree

witn the rougher estimates of a number of stars eleven times

greater, but situated in the northern hemisphere only and
including the 8^ magnitude ?

I have therefore devoted some labor to the independent
determination of a formula which should represent as well as

possible the results derived from the Uranometries alone, upon
the hypothesis alivam stated. The best value which I have
been able to deduce for the constant ratio of the light of stars

of successive magnitudes is 04988, the degree of accordance of

which with observation upon our fundamental assumptions may
be inferred from the appended table, which gives the number
of stars for each half unit of magnitude, as deduced from the

Uranometries, and from the formula

Zm= 3-2384 (30184)™,

together with the residuals, determined as in the preceding

table. Those stars of Professor Heis's Uranometry which are

given for the fractional thirds of a magnitude, are combined to

form the numbers for the fractional halves in our table : a

crude procedure, but the only practical one under the circum-

stances.

Numbeb of Stabs in the HEAVENS.

M«sr. Formula.

N. S. Total.

; ;
•

;f
16*

|

+35

n 51

H
132 108

J

240 269

-23

*k
lit 240 \ 632

467
tn

H 696 '"'-•:

l
2

'i;

1409 + 1

o

H il ! :::: ii
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accordance is not such as to warrant any great faith in the
188 of our assumptions, yet a cert

the numbers cannot be denied. tlv as far as
the 8th magnitude, if we assume the numbers of the Durch-

lmusterung. And finally a comparison of the
numbers in the northern hemisphere, taken from Heis, and
those of the southern hemisphere, derived from the Uranometria
Argentina, shows a decided excess of stars in the northern sky,
a fact which is itself at variance with our assumption of an
approximately equable distribution.

Yet although the accordance of the observed magnitudes
,ny series of numbers in geometrical progress is far from
close enough to warrant any important inferences regard -

i total number of stars of any magnitudes outside of the
limits of observation, it affords the only means at our disposal
for any of those rough estimates which are needed in cosmo-
logical inquiries regarding these numbers. As soon as we
have extended our researches to that distance at which the
agglomeration of stars in the Milky Way begins to be appecia-
ble, all further inquiries of this character are futile, and it

becomes necessary to consider the Galaxy by itself. From a
comparison of the geometric series with the numbers observed
for stars not beyond the 8i, magnitude, Littrow has inferred
that the same formula may be applied to regions considerably

being clc

ing the t

beyond this limit, and from the consideration of W. Herschel's
star-gauges in the poorest regions of the sky, he fixes upon a
magnitude not far from l\\ as indicating the outer limit of this

equable distribution, and thus assigns 4^ millions as the proba-
ble number of stars within this limit. To me neither premise
appears very tenable. If the influence of the Milky Way is not
appreciable even for stars of the 9th magnitude, then the num-
ber of stars at a less distance than the limit of galactic agglome-
ration is not even approximately conformable to geometric pro-
gression

: so that these inferences from the star-gauges must be
illusory. The rapid increase in the number of stars after pass-

!?§* i

9t)l magnitllde maJ be partially accounted for by the
difficulty of estimating magnitudes correctly, near the inferior
limit of brightness

;
yet very large allowances for over-estima-

tion of the fainter magnitudes fail to permit any satisfectory
representation by a geometric progression. It i- impossible to
represent even approximately the more than 150,000 stars of
the 9th magnitude, together with the numbers for magnitudes
peiow 44, by any such formula, without over-representing the
intermediate numbers by more than one-half. And even then,
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we fail to obtain an adequate value for the stars beyond 9 and

9£. We may reproduce the numbers which the Urauometries

give for the 6th magnitude and the Durchrnusterung for the

9th, by means of a series which doubles the number of stars

for each successive half-magnitude
;
yet even this, when ex-

tended to stars of the 9£ magnitude, would assign to the entire

heavens a less number "than the Durchrnusterung gives for the

northern hemisphere alone. I attribute, however, to this last

consideration comparatively little weight, for the reason already

indicated.

In the second column of the annexed table, the number of

northern stars corresponding to each half-magnitude is repro-

duced, being taken from Heis's TJranometry for magnitudes up

to the 6th inclusive, and from the Durcbmusternng tor higher

ones. The last line, however, is not for the full half-magni-

tude corresponding to 0|, but merely for9 3, 94 and 9*5
;
the

two, 9-6 and 9'7, not being contained in A -

work. The third column contains the numbers from the

Uranometria Argentina, and the fourth the corresponding ones

for the entire heavens, being the sum of the two preceding as

far as the 7th magnitude, and thereafter the double of the

numbers observed in the northern hemisphere. The final

column shows, for the sake of comparison, the values which

result from the simple hypothesis that the number of stars

doubles for each successive half- magnitude applied to the

observed number of the 6th magnitude. Simple as it is, this

series presents less violent discordances than any of the others

which I have deduced, for magnitudes above the 4th. For stars

*«. N. S. )

Total. Formula.

H {
i tf 10

H
55 41 s 38

3*
in III 153

*k
408

392 240

H 696
1075

H 2231
33??

-^ 6878
39184

H 28486 |3S uSS

177505 |
355010 |

161660
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brighter than these, the discordances, although relatively enor-
mous, are intrinsically small. The total number of all stars to
the 4th magnitude inclusive is 664 according to direct observa-
tion, but would be only 305 by the empirical series. And the
theory of an approximately equable distribution for stars as
bright as the 9th inclusive thus appears less improbable, if we
may suppose some 360 additional stars to be situated in our
immediate vicinity.

In this connection I desire to mention a fact which early at-
tracted and repeatedly compelled my attention during in

v
'resi-

dence in South America. It has generally been assumed that
the number of visible stars of any given magnitude,—whether
brighter or fainter,—diminishes as their distance from the Milky
W iiv increases. In the elevated position and pure atmosphere
of Cordoba, this nebulous circle is seen with a vividness far

ig that to which we are accustomed here, and moreover
most of that portion which lies in the southern hemisphere is

1P
> that its position

;en it elsewhere.

..r ..e there than the
3 of a stream or belt of bright stars, including Canopus,

binus and Aldebaran, together with the most brilliant ones in
Oo-iuu, Puppis, Columba, Cam's M
the Milky Way on its preceding side. When the opposite half
of the b-alaxy came into view, it was almost equally manifest

same is true there also, the bright stars likewise frin-
ging it on the preceding side, and forming a stream which,
diverging from the Milky Way at the stars Alpha and Beta

• emprises the constellation Lupus and a great part of
&*>rpio, and extends onward through Ophiuchus toward Lyra.
1 hus a great circle or zone of bright stars seems to gird the sky,
intersecting with the Milky Way at the Southern Cross, and
manifest at all seasons, although far more conspicuous upon the
Orion side than on the other. Upon my return to the North,
1 sought immediately for the northern place of intersection

;

and although the phenomenon is bv far less clearly perceptiblem this hemisphere, I found no difficulty in recognizing the
node m the constellation Cassiopea, which is diametiically oppo-
site to Crux. Indeed it is easy to fix the right ascension of the
n
??ou

ri

in
°de at about 0h

- 50m-> and that of the southern one
at 12 h. 50m.

;
the declination being in each case about 60°. so

that these nodes are very close to the points at which the Milky
way approaches most nearly to the poles. The inclination of
this stream to the Milky Way is about 25°, the Pleiades occu-
pying a posit.on midway between the nodes.

dtwTld
f,

rable P^on of the bright stars of our firmament is
situated within this zone or stream, or in its immediate vicinity.
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It has been a source of surprise to me that it had not previ-
ously attracted the notice of astronomers, and since writing the

i paragraphs I had begun the preparation of some data
in statistical form to demonstrate its existence, when I discovered
that it had been alluded to by Sir .1. Ilersdicl in his Results <>f

Observations at the Cape of Good Hope. His words are as
follows_(p. 385):

"It is ... . in the interval between tj Argus and a Cruris
that the Galactic circle, or medial line of the Milkv Way, may
be considered as crossed by that of the zone of large stars which
is marked out by the brilliant constellation of Orion, the bright
stars of Cants Major and almost all the more conspicuous stars
of Argo, the Cross, the Centaur, Lupus and Scorpio. A great
tireh passing through e Ononis and a Cruris will mark out the
axis of the zone in question, whose inclination to the galactic
circle is therefore about 20°, and whose appearance would lead
us to suspect that our nearest neighbors in the sidereal system
(if really such) form part of a subordinate sheet or stratum,
deviating to that extent from the general mass which seen pro-
jected on the heavens forms the Milky Way.*'

Yet he does not appear to have recognized the fact that this

zone of bright stars may be traced with tolerable distinctness

through the entire circuit of the heavens, forming a great circle

as well defined as that of the galaxy itself.

These stars, or, more strictly speaking, this excess of stars,

in the regions in question, must be deducted from our total

before the remainder of the fixed stars can legitimately be
subjected to statistical discussion with a view to detenu in in<r

the law of their distribution, and the distance at which the ag-

glomeration which we recognize in the Milky Way begins to

make itself manifest. Then we shall perceive that the infer-

ences from the accurate estimates in the Uranometries and the
rough ones of the Durchmusterung are by no means discord-

ant and that the distribution of the fixed stars, up to the 9th

magnitude inclusive, is not merely tolerably uniform but ap-

proximately such that the number of stars doubles for each
sin-relive half-ma-uitude. The di.-tanee corresponding to the

9th magnitude is from thirty-two to forty times that of the faint-

est first-magnitude star: and tl e liuht-ratio between stars differ-

ing by a single magnitude becomes 0-3968. This is very close

t'J t ] ratio 0-4. which photometric researches have seemed to

indicate as best o\\ i -ting scale, and which
is the value usually accepted. Did we adopt precisely this ratio,

we should 6 -lit as the
4th magnitude, being onlv ten more than was given by the

value just considered, while the computed numbers for all other

magnitudes below the ninth would be brought somewhat nearer
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to the observed ones, and for the 9th magnitude itself would
be 151,260.

The phenomena and numerical relations to which I have re-

rerred in this paper seem of considerable importance in their

bearing upon the position of our sun in its cluster, the form of

that cluster, and the scale of distances between i

stars.

Art. XXYIIL—The Deportment of Titanium with reagents in

Iron Ores containing Phosphoric Acid ; by E. H. Bogardus.

N. J., April 9

The injurious action of titanium upon iron when present in

the metal in considerable quantity, and its frequent occurrence

in nature, render it important that a reliable method for its

detection be known, and that its presence or absence be proved

in all analyses of ores.

During the summer of 1872, while engaged in the examina-
tion of some samples obtained in the mines of New Jersey, I

encountered a difficulty, which I shall explain somewhat in

detail. Subsequent experiments proved the presence of tita-

nium, and that this substance had caused me my trouble. The
deportment of the element was so different from what is taught

in books of analyses, and from what I had previously observed,

that it seemed to me that the usual directions given for its

detection were faulty and liable to mislead the analyst. A
more extended investigation served to strengthen this impres-

sion, and, in view of the importance of the subject, led to the

preparation of the following paper.
Although it was not intended at that time to make complete

analyses of the ores, it was thought important to test for tita-

nium. To this end a sample was fused with bisulphate of pot-

ash and digested in cold water. The dissolved substance was

then filtered and the clear liquid treated with sulphuretted

hydrogen to effect the reduction of the iron. This should

have caused no precipitate of titanium under ordinary circum-

stances. Sulphur, of course, separated in proportion to the

iron reduced, and was removed by filtration. The liquid was

now boiled, and as it remained clear, even after long heating,

the absence of titanium might have been regarded as demon-
strated. The examination, however, did not stop here : it was
decided to test the sulphur remaining on the filter. On burn-
ing this precipitate a residue was obtained amounting to nearly
six centigrams, although but a gram of ore had been
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taken for the examination. As sulphur would have been
vaporized by the heat, the burning, of course, proved the pres-
ence of some other body. As the absence of zinc and the
members of the fifth and sixth groups had been proved, the
only elements supposed to be precipitable by sulphuretted
hydrogen under the existing conditions, the supposition was
that a mistake had occurred. The experiment was, therefore,
repeated and with identical results. As it now seemed certain
that sulphuretted hydrogen had caused a precipitate, the next
step made was to determine its character. The substance was
white both before and after heating, and resembled closely sul-

phide of zinc. After burning, it held no sulphur. The absence
of color and sulphur would alone have seemed sufficient proof
of the absence of the fifth and sixth groups, without the con-
curring evidence as afforded by the previous regular qualita-
tive tests. But since it could not be denied that a substance
had formed and its formation seemed an anomaly, it was deter-

mined to examine again and this time for all bases without
exception. It would require too much time, and would serve
no useful purpose, to enter into a minute description of the
course taken in this examination, so I will confine myself to a
statement of a few of the properties as developed during the
experiments. After burning the precipitate and fusing it in

bisulphate of potash, it was insoluble in water. It was spar-

ble in hydrochloric aci
|

-ti: Sta-

tion with sulphuretted hydrogen, but it could be dissolved
after repeated boiling in fresh quantities of acid. Fusion in

carbonates of the alkalies rendered it soluble in hydrochloric
acid It was insoluble or nearly so in boiling solution of potash

;

precipitated with difficulty or not at all in slightly acid solu-

tions. It colored microcosmic salt brown, gave a transient

green color to the blowpipe flame, fused to a black non -mag-
netic globule on heating on charcoal, and when dissolved in

arid imparted a brown tint to turmeric paper like

that produced by boracic acid. The effect on turmeric paper
led to the supposition that the substance was partly zircon ia.

The thought at length suggested itself that as there was no
sulphur in the precipitate, its formation might be due to a
reducing action. Sulphurous acid being a powerful reducing
agent, it was determined to substitute this for sulphuretted

. A sample of ore was fused as at first in bisulphate
of potash

; then dissolved, filtered, and the reducing gas passed
through the liquid. A red coloration at first appeared, followed
by a white precipitate like that obtained in the first instance.

A quantity of ore was now digested in hydrochloric acid and
filtered to separate the insoluble matter. After nearly neutral-

izing the free acid with ammonia, acetate of ammonia was
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added in excess, and then acetic acid in large quantity. On
passing sulphuretted hydrogen a white precipitate was again

obtained. This experiment was repeated several times with

identical results, proving that the substance would form in a

solution holding free acetic acid. The precipitate was again

subjected to a qualitative examination and this time with suc-

cess. Previously no search had been made for acids : it was

now decided to test for them. Phosphoric acid was soon

found and the true character of the substance was easily deter-

mined. The precipitate was fused in carbonates of soda and

potash and digested in water. The phosphoric acid was all

dissolved and was detected with molybdate of ammonia. The
nearly white residue was proved to be a mixture of titanium

and iron. One-half gram of the ore was mixed with an

equal weight of an ore holding a large quantitv of titanium.

The mixture was fluxed in bisulphate of potash, and finally

subjected to the action of sulphuretted hydrogen. A precipi-

tate weighing six centigrams was obtained. The sample

first examined could give only two and a half centigrams of

precipitate. This experiment was followed by the regular tests

for titanium, and its presence was soon demonstrated. Eutile

was now powdered and mixed with phosphate of soda ami an

ore free from titanium. After fusion with bisulphate of pot-

ash and digestion in water, sulphuretted hydrogen gave a pre-

cipitate as in the previous trials. As it now' seemed proved

that sulphuretted hydrogen could precipitate titanium, it be-

came interesting to" know who; formed was

definite in its composition. It was intended to pursue tin-

question to a satisfactory solution if possible, but owing to the

pressure of other matters but little was done ; too little to jus-

tify the assertion that the precipitate was a definite compound.
Several experiments were subsequently made, on mixed sam-

ples of rutile and an ore and phosphate of soda, and a precipi-

tate was obtained in every insta t ted hydro-

gen. In one case the phosphate of soda was dissolved m
water and added to the fused rutile and ore. Rutile was now
fused in bisulphate of potash and digested in water ; after fil-

tering, sulphuretted hydrogen gave no precipitate. This trial

was made to determine whether iron was necessary to precipi-

tation ; the result seemed to demonstrate the necessity of its

presence and that the formation of a precipitate is dependent
upon the reduction of iron. The deportment of titanium with

phosphoric acid led to the thought that possibly it might be

employed as an agent in the quantitative separation of the

rufl in iron ores. No experiments were made with a

view to the settlement of this question. In all the co-precipita-

tions of titanium and phosphoric acid, the latter was present in
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excess. It is possible that titanium in excess would have pre-
vented precipitation with sulphuretted hydrogen. The subject
seems worthy of an investigation. Let us now pass in brief
review over the ground we have traversed, and endeavor to see
what light has been thrown upon the properties of titanium
and whether the method of its detection, by fusion with bisul-

phate of potash, as given in books, is all that could be desired,
and whether it could not occasionally mislead the analyst.
First, the properties of titanium. It was found that it would
not precipitate readily in an acid solution on boiling. Phos-
phorus seemed to hinder, if not to entirely prevent, precipita*

tion
; so this method, which is much employed, is faulty. In-

deed, this was known before, for some works of analyses tell us
that zircon la at least will prevent the separation of titanium
from boiling liquids. 2d. We find that titanium colors tur-

meric paper a brown, or nearly orange color, a fact before
known but not generally mentioned in analytical works. 3d.

Sulphuretted hydrogen throws down titanium, although no
books seem to teach it. Let us now imagine the case of a stu-

dent testing ores for titanium. He fuses his sample in bisul-

phate of potash and digests it in water: he filters, and passes

tted hydrogen through the liquid. Sulphur of course

and gives the solution a milky appearance ; he regards

iur free from titanium. As the milkiness would
render it impossible to see whether a precipitate formed on boil-

ing, he decides to filter and thus render the liquid clear. On
boiling no precipitate forms. The titanium has been thrown
away with the sulphur, and the analyst has formed a false idea
of the composition of his sample. It is plain, then, in case of

nitration, after passing sulphuretted hydrogen, that the sulphur
should be examined, provided titanium be not found on boil-

ing the liquid.

Art. XXIX— r, .,';:,.,;; ,. „ ,„ // t s-..j • '/ /../ mtoryof Yale

College. No. XXXI.

—

Experiments on the Decay of Nitrogen-

ous Organic Substances; by H. P. Armsby, Ph.B.

It has been shown by the m\ • er (Chemis-
try of Animal and Vegetable Physiology, p. 673), Boussing-

jronomie, &c, t. i, p. 318), and Deherain (Annales des

Sciences Naturelles, Botanique, t. xviii. \\ 14, i. that -

other organic or partly organic substances are capable, under

a instances, of causing free nitrogen to enter intocom-

in them, and thus of increasing their content of that

element. This increase has generally been attributed to the

oxidation of free nitrogen to nitrous or nitric acids.
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On the other hand, it has been shown by Reiset (Recherch.es,

&c, sur l'Agronomie, 1865, p. 48), Lawes, Gilbert, and Pugh
(^ i Ti"< ^.,_is<il, ii. p. f.ol), and Schloesing (Compt. Rend.,
t. Ixxvii, p. 353), that during the decay of nitrogenous
substances in presence of free oxygen, nitrogen may be evolved
in large quantities in the free state. Konig & Kiesow (Central-

blatt f. Agriculturchem, II. Jahrg., 7, 9) have shown that the

presence of gypsum prevents this loss of nitrogen.
The following experiments were undertaken in the hope of

obtaining some information in regard to the conditions favoring
these reactions. The method adopted was to allow organic
matter containing a known amount of nitrogen to decay under
such conditions that all the ammonia given off could be col-

lected and estimated, and at the end of the experiment to de-

termine again the nitrogen. The experiments were conducted
in glass bottles, each of which was closed by a rubber stopper
and connected with a three-bulbed U-tube containing standard
sulphuric acid to prevent any escape of nitrogen as ammonia,
and was also provided with' a glass tube for the admission of

the gas used in the experiment. Two sets of experiments
(marked I. and II.) of four each were made. In I. the atmosphere
in the bottles consisted of air purified from ammonia and nitric

acid, in II. of nitrogen prepared from airbv means of phosphorus
and carefully purified. It still contained" traces of oxygen.
With the exception of the atmosphere, the conditions of cor-

responding experiments in the two sets were the same, as far as

possible.

The organic matter used consisted of dried and sifted barn-

yard manure intimately mixed with about one-fourth its weight
of dried and pulverized flesh. The mixture contained 211 per

cent of water. The following were the materials and quanti-

Org. matter. Gypsum. Potash (KOH) Water. Total Nitrogen.

J grms.
ii. d. 15 15 grms.
H- 4 - 15 " 15 " 0-798 grms. 0-453 -

The potash was from a standard solution, of which 7 c.c. were
used in each experiment, equivalent to about 6 c.c. of water.

The mixtures were made moist but not coherent All the in-

organic materials used were free from combined nitrogen.
The first set (I.) was begun March 9th, the second (II.) March

rflst, the per cent of nitrogen in the organic matter having de-
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creased slightly in the interval. Purified air, amounting in all

to about 6,800 c.c. for each bottle, was aspirated daily through
I. The temperature during the experiments ranged" from 50°
—80° F., averaging about 70°. The apparatus stood in diffused
daylight but not in direct sunlight. The experiments termi-
nated May 15-21st, when the mixtures were dried with suitable

precautions, and analyzed for nitrogen and ammonia. The
nitrogen was determined by combustion with soda-lime and
titration, the ammonia by boiling with magnesia and titration

of the distillate. No ammonia was found in the standard a. id

in the U-tubes. The following are the results calculated on the
whole quantity used :

)0302 — 621

II. 2. Organic matter and potash,
TT

\\Organic matter and
.Org. matter, potash.

II. 3. jOrganic matter and gypsum, j-0-0052;— 1-14 0-0784

By an inspection of this table we see

:

1st. That with the exception of I. 2 and II. 2, there is a loss

of nitrogen in every case (the slight gain in II. 1 being within

the errors of experiment.)
2d. That this loss is very much less in the second set of ex-

periments, where only traces of oxygen were present.

This result agrees with those of Lawes, Gilbert, and Pugh
. Trans., 1865, ii, p. 509), and goes to show that the loss

trogen is caused by a process of oxidation. The
""

the gypsum seems to be to hinder the action. There
nitrogen is caused by a process of oxidation. The effect of

ypsum seems to be to hinder the action. There seems to

> obvious rejation between the circumstances of the experi-

ments and the amount of ammonia formed.

3d. That in the two experiments in which the organic matter

was mixed with potash a considerable gain of nitrogen took

place, which was greater in the case in which only traces of

oxygen were present. These two mixtures were carefully

tested for nitric acid, but no trace of it was found. This fact,

taken in connection with the greater gain of nitrogen in the

absence of free oxygen, appears to show that nitrification is not

the only means by which the nitrogen content of organic mat-

ter may be increased, and this conclusion is supported by the

results of DeheYain already referred to.

* Including that of the ammonia.
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This author obtained a considerable fixation of nitrogen by
glucose and other organic substances mixed with alkali, in the

absence of free oxygen or at least of a sufficient quantity to

have formed nitric acid with even a small part of the nitrogen
absorbed ; and though he makes no mention of any direct test

for nitric acid, it seems impossible that the gain of nitrogen

observed by him could have been due to nitrification.

It has been proved by Will (Ann. Chem. Pharm., xlv, 106)
that ammonia is not formed by the union of free nitrogen with

nascent hydrogen ; hence the gain of nitrogen in the experi-

ments described above is not due to that reaction with the nas-

cent hydrogen produced in decomposition.
We must then conclude that decaying organic substances, in

the presence of caustic alkali, are able to fix free nitrogen without

the gain being manifest as nitric acid or ammonia, and probably

without the formation of these bodies.

In further support of this view may be mentioned the results

of Boussingault's investigations on this subject (Agr., &c, t. i,

p. 818). He several times obtained a gain of total nitrogen by
a sample of soil, greater than that gained both as ammonia and
nitric acid, thus showing either a gain of nitrogen in other

forms than these, or a reversion of these to inert forms in the

soil The latter explanation can hardly be accepted, however,
for the results of the above described experiments, nor for

Deherain's, since the greater gain took place in the almost entire

absence of oxygen ; a fact which favors the supposition that no

nitric acid was formed.
In conclusion, I wish to express my obligations to Pro£ S. W.

Johnson, at whose suggestion these experiments were under-

taken, for the use of materials and apparatus, and for many
valuable suggestions in regard to the conduct of the experi-

Art. XXX.— On the Molecular Heat of Similar Compounds;
by Frank Wigglesworth Clarke, S.B., Professor of

Chemistry and Physics in the University of Cincinnati.

It is commonly stated in the text-books of physics that simi-

lar compounds have equal molecular heats. Thus, for the

chlorides of the general formula MCI, the product of th
heat into the atomic weight gives approximately a single value.

But the equality, under ordinary circumstances, is only ap-

proximate, as a few examples will show.
Taking the chlorides of the alkaline metals, we have the

following good determinations of specific heat: LiCl, -28213;
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NaCl, -21401; KC1, 17295—all by Eegnault ; EbCl, 112,
Kopp. From these, multiplying by the atomic weights, we get
the following molecular heats:

LiCl, 11-99.

NaCl, 12-52.

KC1, 12-88.

RbCl, 13-54.

Here we have a gradual increase, accompanying an increase
in the atomic weights. A similar increase is found in Kopp's,
Avogadro's and Neumann's determinations for NaCl and KC1,
and is also manifested if we work with the average of all the

reliable published determinations for the same series of bodies.

In a similar manner we can compare chlorides, bromides, and
iodides. Thus we have KC1, -17295 ; KBr, -11322

; KI, -08191
;

all by Eegnault. The molecular heat, then, is

KC1, 12-88.

KBr, 13-47.

KI, 13-60.

Again there is a slight increase accompanying the rise in

atomic weight. The chloride, bromide, and iodide of silver,

and the same series for lead, illustrate this still farther, although

it is not worth while to cite the figures here. For sodium,

starting with the fluoride, we have about the same thing, only

the bromide proving, perhaps, an exception. But since only

one determination of the specific heat of the bromide has ever

been published, it is likely that even this compound may be

brought into line.

Two series of oxides are verv perfect, as follows: AstO„
12786; Sb

2 3 , -09009; Bi 30„ -06053; all by Regnault
SiO

a (quartz), 186; Ti0 3
(rutile), 157; Sn0 3

(tinstone..

;0894 ; all by Kopp. These determinations give us the follow-

ing molecular heats:

AsaO„ 25-31. I
Si0 8

11-16.

Sb2 3 , 26-31. Ti02 12-87.

Bi2O a ,
28'33. SnO

g
13-40.

If, instead of single determinations, we take the mean of all

the published values for the specific heat oi these substances,

we get a similar result, perfectly in accordance with the idea of

a steady increase. The same incp .' compar-

ing the sulphates of sodium and potassium, their nitrates, their

jo compare

NaN0
3 with NaP0 3 , and show that the latter substance has a

molecular heat somewhat higher than the former. In short,

by means of very complete tables of specific heat, I have been

able to demonstrate the fact of this increase in over twenty

series of compounds. Exceptions (even seeming exceptions)
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are rare, and occur for the most part when there are but single

determinations of specific heat for the apparently irregular
substances. Still it is possible that there may be series of
compounds in which equality exists, or in which there may be
even a decrease corresponding to an increase in the atomic
weights. One more series will suffice to illustrate the usual
rule, and I cite this because it is the one most frequently
quoted in the text-books to show the supposed equality. In-

stead of citing single determinations of specific heat. I will hew
give the results obtained from an average of all the published
values

:

CaC0 3 ,
21-09.

SrC0 3 ,
21-34.

BaC0 3 ,
21-49.

PbCO
a ,

21-91.

The same regularity holds if, instead of taking an average
of all, we take simply Regnault's or Kopp's determinations

The fact that the molecular heat increases with the atomic
weight holds good for liquids as well as for solids, and is here

even more striking. Three series will serve my purpose in

this connection. For the specific heats themselves I will refer

to my tables of specific heat soon to be published by the

Smithsonian Institution, merely stating that I have used Beg-
nault's determinations for all 'the substances except CC1 4 ,

for

which Hirn's value has been employed.

CC1 4 ,
31-91.

SiCl4 ,
32-42.

TiCl
4 ,

35-25.

SnCL, 3M5.
PC1

3 , 27-62. I C„H.Br, 23-44.

AsCl
3 , 3195. C2H 6 I,

24-58.

It may then be stated as a general rule, to which the present

evidence offers only a few exceptions, that in any definite series

of similar solid or liquid compounds the molecular heat increases

with the ttton in a very different ratio. I have
tried to establish a similar relation among the elements, but

thus far without success. The results here are extremely dis-

Now what is the meaning of this regularity ? Is Dulong and
Petit's law set aside by it? Speaking for solid substances
alone, I should answer, certainly not. The divergencies from

ire easily explained. The specific heat of a substance
vanes with the temperature, gen< is the tem-

ire rises. But the rate of increase is very different for

mt bodies. The specific heat of carbon increases very
rapidly, that of platinum with extreme slowness. So, then, in

I
-••

>.
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order to demonstrate D along and Petit's law, we must compare
specific heats taken not at the same temperature, but at corres-

ponding temperatures. This gradual increase to which I have
called attention seems, then, to indicate a regularity in these cor-
responding temperatures, rather than an irregularity in Dillons
and Petit's law. Taking our series of alkaline chlorides as an
example, we may fairly suppose that their melting points (which
have not been measured) are related to each other as the melt-
ing points of the metals contained in them. Of these, lithium

highest melting point, potassium next, then sodium, and
rubidium the lowest. If the melting points are the correspond-
ing temperatures for solids, and we determine specific heats at

one temperature, say at 20°, we shall have a value for lithium
taken at a great distance from its proper temperature, one for

potassium at a less distance, one for sodium still closer, and
that for rubidium nearest of all. Then we should find that the
substance having the lowest melting point possessed the high-
est molecular heat, a result very naturally to be expected. It

seems probable, therefore, that a careful investigation side by
side of specific heats and melting points would lead to the dis-

covery of some direct relation between these two sets of con-
stants. For specific heat much new material is needed. For
melting points there are but few valuable determinations

Art. XXXI.

—

Relation between the Barometric Gradient and the

Velocity of the Wind; by Wm. Ferkel.

(Read before the Philosophical Society of Washington in June, and also the Amer-

1. Let G-= the barometric gradient in the direction in which it

is the steepest, estimated by the amount of change

in the mercurial column in the distance of 100

barometric pressure

;

*= the inclination of the direction of the wind

isobar on the side of lowest pressure

;

n— the earth's hourly angular velocity of rota

terms of the radius

;

1= the latitude of the place

;

P = the barometric pressure of the atmosphere;

P'= the value of P at the earth's surface.
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The following eq

city of the i

a then expresses very nearly the rela-

between the barometric gradient and the velo-

G (2ngiiif+ii)t> geo> P_ (0-o24sin^+^ 6eci P
8300000

# p— 8300000 '

P''

(2) u=^l.
This relation expresses a general law which is of as much

importance in meteorology, so far as the barometric pressures

and the velocities of the winds are concerned, as Kepler's laws
were in astronomy, and must hold for all latitudes from the

equator to the poles both at sea and on land, and for all alti-

tudes from the earth's surface even beyond the region of the

cirrus clouds. It may be applied to the mean constant mo-
tions and pressures of the atmosphere depending upon the

mean difference of temperature between the equator and the

poles, unaffected by the seasons, which gives rise to two grand

erical cyclones, of which the poles are the centers, and
of which the cyclonic motions consist of the approximately
eastward motions in the middle latitudes and the trade winds
in the torrid zones, and also to the ordinary cyclones of com-
paratively limited extent, including the violent tornados and

waterspouts, all of which are cyclones contained within tbe

larger cyclones and controled by their motions. It is

applicable to the resultant of any number of cyclones contained
within, or interfering with, one another.

2. From (2) it is seen that u is the angular velocity of gyra-

tion around the center of curvature of the isobar, which in a

perfect cyclone becomes the gyratory velocity around the cen-

ter of the cyclone. But in connection with this gyratory mo-
tion there is generally a motion either toward or from the cen-

ter of the cyclone, toward the center below and from the center

above in an ordinary cyclone, giving rise to a spiral motion,

and hence at a certain height the motion toward or from the

center must vanish and the gyrations be circular. The value

of t, therefore, has different signs below and above.
The value of i depends mostly upon friction, but in some

also upon the inertia of the atmosphere in cases where
the motions are either increasing or decreasing, as in the begin-

ning or dying away of the cyclone. Its value, therefore, is

greatest on land and near the earth's surface, and conn
small at sea or anywhere in the upper regions of the air. Its

value^also depends upon the sine of the latitude, and is equal

to 90° at the equator, where sin^=0, since there can be no

gyrations there, and the motions must be either toward or from
a center of rarefaction or condensation.
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In a perfect cyclone the isobars are circular and r becomes
the radius of the circle, and in this case the gradients are esti-

mated in the direction of the radius from the center. In the
two polar hemispherical cyclones the gradients arc estimated in

the direction of the meridians, and the isobars, supposing the
cyclones to be perfect and unaffected by local disturbing
causes, correspond with the parallels of latitude. In this case
' in (2) is the distance from the earth's axis, and r cos /'ex-

presses the component of motion relative to the earth's surface
in the direction of the parallel:- of latitude. In order to have
the expression of G (1 ) strictly applicable to the polar cyclones
we should have n sin I instead of w, but the value of u in com-
parison with 2n sin I, in this case, is so small that u may be
neglected entirely without sensible error, so that the expression
may be regarded as applicable either to the polar cyclones, or
to any ordinary cyclone, or to the resultant of any number of
these' cyclones interfering with one another.

3. In ordinary cyclones or tornados, in which circumstances
may be such as to give a verv great gvratory motion near the

center, the term in (1) depending upon u cannot in general

be neglected, and it may even become much greater than the

term depending upon ///that is. upon the earth's rotation, and
in violent tornados and waterspouts, in which there are rapid

-\i. -i .n-s very near the center, the \.ilee -.1 the M-
upon K mux be so much greater than that depet ling upon v.

that the latter mav be entirely neglected in comparison with

the former. For instance, if the distance r from the center of

the cyclone should be 400 miles and the velocity v equal to 40
miles per hour, if we regard the value of i as being not very
hu-ge, (2) would give ?/ = 04, which in middle latitudes would
be about one fourth of O'o24sin/, and its omission would give

rise to considerable error. And if the distance from the center

were only 100 miles and the velocity of the wind the same, the

two terms in the expression of Gr would be about equal, and for

very small distances from the center with a large value of v, it

»s readily seen that the term containing n and depending upon

a rotation may be very small in comparison with the

other. In large cyclones, however, and at a considerable dis-

tance from the center, the value of Gr depends mostly upon the

effect of the earth's rotation, and only in some measure upon
the mere ce relative to

the earth's surface around the center, and depending upon the

4. The
j

taw expressed by (1) is deduced
from carrying out°more in detail principles which the writer

has already lifferent times and places, but a

\ of the law would be too complex and
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require too much mathematical analysis to be given here. It

may, however, be important to give the following explanation,
rather than a complete demonstration, of this law so far as it

applies to ordinary cyclones of not very great extent, especially
as the method of presenting the matter here is different from
any which has heretofore been used.

If water in a basin at rest has a motion of gyration around
the center, the mere centrifugal force arising from the gyrations
causes the water to recede from the center and produce a gradi-
ent in the surface of the water, and consequently in the pres-

sure of the fluid upon the bottom of the vessel. If we let r

represent the distance from the center and u the angular veloc-

ity of gyration, the centrifugal force is expressed by ru» sim-
ply. But if in addition to the gyratory motion of the water in

the basin, the basin itself also has a gyration like a dish around
its center, of which the angular velocity is represented by n r

,

we then have for the whole centrifugal force

r(n'+t*)a=r(n'«+2n'W+««),
and the gradient referred to the level of the water at rest in

the basin, also at rest, depends upon this force. But if we refer

the gradient to the level of the water at rest relatively to the

basin having the gyratory velocity n', we must neglect the first

term in the second member above depending upon ri merely.
and the gradient then depends merely upon

r(2n'«+«»):=(2»'+M >t,,

putting v=ru for the lineal velocity of motion or gyration in

this case.
*

5. In the case of a cyclone upon the earth's surface of such
extent only that the curvature of the surface can be neglected,
we have exactly a similar case. In addition to the gyratory
motion of the cyclone relative to the earth's surface, it is well

known that the part of the earth's surface occupied by the

cyclone has a motion, one component of which is that of the

gyration of a disk around its center. At the poles of the earth

ar velocity of this gyration is that of the earth's rota-

tion around its axis represented by ra, but for any place between
the poles and the equator it is" equal to the velocity of the

earth's rotation multiplied into the sine of the latitude, that is,

equal to n sin I In this case we have n sin I corresponding to

n' m the case of the basin of water, and hence we have (2«sin I

+u)v for the centrifugal force upon which the gradient of the

cyclone depends, for the term in this case depending upon
n 2 sin 2

1 corresponding to n* in the case of the basin of water,

must be neglected, as in that case, since the atmospheric gradi-

ent is referred to the elliptic surface of the earth, and not to

the surface m the case of no rotation around its axis. This
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corresponds with the centrifugal force in (1), upon which the
gradient depends in the case of no friction, in which the gyra-
tions are circular, as supposed in the basin of water, and in

which consequently sec i=l.

6. If we put
A=the height of any stratum of the atmosphere of equal

pressure
;

p = the density of this stratum
;

p'= the value of p at the earth's surface

;

we shall have

(4) ^=gDrh,

and, putting a for 100 miles, we get according to the definition

of G,

(5) Hoto^'
in which 10500 is the ratio very nearly between the density of

the atmosphere and of mercury at the surface of the earth,

where the atmospheric pressure is supposed to be 30 inches

and the temperature equal to 32° of Fahrenheit When the

mean temperature of the atmosphere is greater, the value of

this constant should be increased T|„ for each degree of tem-

perature.

With the value of D^ obtained from (5) we get from (4)

^?=10500fG.£.

But the first member of this equation is the expression of the

horizontal accelerating force arising from a difference of pres-

sure, and this in the case of no motion either toward or from

the center of the cyclone, as in the case of the basin of water,

must be equal to the part of the centrifugal force causing the

gradient, which, when the gradient is referred to the elliptic

surface of the earth, we have seen, is (2n sin l+u)v. Hence we

get in this case

^?=10500fG.|=(2» 8iB /+«K

Where there is motion toward or from the center of the

cyclone we must add a term, F, to the last member of this

equation, to represent the frictional resistance to the motion, and

likewise one to represent the inertia of the air where its motion

ia either accelerated or retarded. On account of the extreme

mobility of the air this last term may be generally neglected

without any sensible error, in any of the usual motions of the

atmosphere, for it can be shown that only a very small part of
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the observed barometric gradients are necessary to
the inertia in accelerating and retarding the observed velocities.

Neglecting, therefore, this effect, and adding F to the last mem-
ber of the preceding equation, we get

cular, and the cen-

nponent belonging

instead of v simply
in the preceding expression.

7. By the principle of the preservation of areas -in the case
of central forces only and no friction, we would have in all

parts of the cyclone

r^sinJ+^constant.
Hence we get by differentiation

-rDtu=2(neml+u)I)lr.

The second member of this equation expresses the force which
tends to produce a gyratory motion around the center of the
cyclone. In the case of no friction this force is all spent in

accelerating or retarding the gyratory velocitv as the particle*
of air approach or recede from the center, but where there is

friction, it is mostly spent in overcoming the frictional resist-

ance. We shall, therefore, have very nearly

0) F'=2(n sin l+u)D
t r,

putting F for the resistance to motion at right angles to the

radius, or in the direction of the gvratorv motion.
the horizontal

atmosphere which has to be overcome by the existing forces

consists in the difference of the actions through friction of the
stratum immediately above and below that "stratum, so that

when the relative velocity of either two contiguous strata is the

same there is no resistance to be overcome by the forces. In
the motion of the winds the velocity of the lower stratum rela-

tive to the earth's surface is greatest, the velocity of the second

and bo on. until at a moderate
height above the earth's surface the relative velocities, and oon-

the resistance of friction, are verv small. The fric-

tional resistance, therefore, which has to be considered, belong-
ing to each stratum or particle, is principally near the earth's

i at a .mall distance above it becomes com pa ratively
small. Near the earth's surface, where the velocities of the

vase with the height, this resistance is in the contrary
)f the motion of "the atmosphere, and the component
astanee, contrary to the direction of the gyratorv mo-

tion, of which the velocity is rucmi, is represented by F'.
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The other component of the resistance, therefore, contrary I

the direction of the radius, in which the velocity of motion
D

t
r, is represented by

F==F i

J>,r _Jt(n*inl+u)(I>tr)
*

This expression is always positive, but it applies only to th

part near the earth's surface, where the one component of mc
kon is toward the center of the cyclone.
With this value of F (6) gives, neglecting %u in compariso:

G=-.
9

(2m sin l+u)v cos il

10500 \

_a (Itnmnl+u)*

g ' 10500

the defin ition of t we have

(9) tani=-^~.

Since the unit of time is one hour in the expression of G, we
must put £=3600* X 32-2 ft -79040 miles.

With this value of g, putting a=100 miles, and with the value
of n, the angular rotatory velocity per hour of the earth's rota-
tion in terms of the radius, which is 0*262, we get from (8) by

putting ^-,=p, the expression of G in (1). At the earth's sur-

face the factor p, becomes unity.

8. If the internal and external parts of the cyclone had the
same temperature, the strata of equal pressures would be par-
allel, or equidistant, and ~Dr h would be a constant for the same
place at all altitudes, and G would be proportional to S. But
m order to keep up the motive power of the cyclone there
must be a difference of temperature between the 'internal and
external parts, and this causes an increase or decrease in the
value of Dr h with the altitude, and consequently by (5) an in-

crease or decrease of G in a greater ratio than that of p. other
things remaining the same. In an ordinary cyclone, in which
the temperature is ^n-atest. and consequently the density least,

in the interior of the cyclone, the value of G increases in a less

>. and hence in •r^ln- to satisf\ 18) v cos /must have
a less value above than below ; but the reverse of this is true
where the d the interior at the same pres-

sure, as in the polar hemispherical cyclones, and hence the

3tant motions of the upper strata of the atmosphere
relative to the lower ones attitudes.
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9. The value of i in (8) depends upon friction, and its value
can only be determined from observation. If in (7) F
~D

t
r must vanish, and consequently by (9) * vanishes and the

gyrations are circular. The greater the value of F' for the
same velocity or value of v, the greater must be the value of

pt
r, and consequently of i If for different velocities friction

increases as the velocity, D
t
r must increase as the velooin in-

creases, in order to satisfy (7), and hence (9) in this case gives t a
constant for all velocities, so long as u can be neglected in com-
parison with n am I in (7), but near the center of the cyclone,
where u becomes very large in comparison with n sin I, Bt

r
must become very small, other things remaining the same, and
hence i must also" become small. For all ordinary winds it is

that the value of % is nearly constant for all velocities,
and if so, being once determined from observation for a given
kind of surface, as that of the sea, or of any kind of land sur-
face, as that of a prairie, this value is probably applicable to
cyclones of all degrees of violence upon such surface, except
near the center, and may be regarded as a known and fixed
constant for that kind of surface.

10. Some very important work has been done by Rev.
Clement Ley to determine the value of this constant, the results

have been given in the Journal of the Scottish Meteor-
ological Society for the first quarter of 1873, p. 66. The fol-

lowing mean values of i, given in connection with the several
stations in the following table, were deduced from a considerable
ii'imb.-r of observations taken indiscriminately by comparing
the directions of the wind with that of the isobars, as given by

service of the several countries to which thestations
belong

:

Scarborough, 4° 58' Thurso, 15° 4' Nottingham, 2?° 44'

£*f- » 25
;
Holyhead, 18 4 Oxford, 29 12

°?my, 10 1 Aberdeen, 21 3 Brussels 29 57
Yarmouth, 13 49 London, 21 7 Paris

'

36 23
Pembroke, 14 47 Greencastle, 22 1 Skudnesnaes, 41 17

From these results Mr. Ley arrived at the following conclusions

:

I. The winds commonly incline from the districts of higher
toward those of lower pressure. The collective mean for the 15

20° 51'.

II. This inclination is much greater at inland than at well
exposed coast stations. The collective mean for Brest, Scilly,
Yarmouth, Pembroke and Holyhead is 12 5 49' while for the

-ations, London, Nottingham, Oxford, Brussels and
Pans, it is 28° 53'.

These results exactly confirm the theorv of ordinary cyclones,
which requires, where there is friction, that there should be a
motion ot the air below toward the center of the cyclone, as
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well as a motion of gyration, and hence i must have a positive
value. This, it is seen, is obtained from observation tor each
one of the 15 stations taken separately. Moreover, the inland
stations, where the resistances are greater, give a greater value
of i than the stations on the sea coast, where the resistance- art-

smaller. This likewise accords with theory.
From the small value of i obtained by Mr. Ley for the coast

stations, we may infer that at sea, and* likewise in the upper
regions of the atmosphere, it is still considerably less. The
value of i, therefore, in (8), except at internal stations where
the resistances are great, may be regarded so small that its

secant can be taken as unity, and hence either the gradient or
the velocity of the wind is known the one from the other.

For inland stations near the surface, where the resistances are
great, the value of i must be obtained from observation.

11. With regard to the inclinations of the winds to the iso-

bars belonging to the different quarters of the compass, Mr.
Ley obtained for the inclination of S.E. winds 35° 11', of N.E.
winds 17° 43', of N.W. winds 9° 4', of S.W. winds 20° 13'. In
these results S. winds were taken as S.W. winds. E. winds as

S.E. winds, &c. Hence E.S.E winds have the greatest, and
W.N.W. winds the least inclinations to the isobars, which cor-

respond very nearly to the N.E. and S.W. sides of the cy-

clones. Mr. Ley states that the average direction of the ey h >nes

was about N.E. Hence it appears that the inclination of the
front part of the cyclone is greatest, and that of the rear the

least, and this may perhaps be found to be a general law. It

was also found that the differences in the inclinations of the

winds from the different quarters is greatest at coast stations.

Mr. Ley likewise obtained the very important result that the

difference between the inclination of strong and light winds at

stations on the coast is trivial, but at inland stations the mean
inclination is less with strong than wi:h .j - v. vis. and that

at i! stations the inclinatioi is more regular with a gale than
with a light wind. This is all exactly in accordance with the

preceding theory, for we have just seen in a preceding para-

graph that where the value of u in (7) becomes large, as it does

near the center of a cyclone, the value of i must become less
;

but the strongest winds are also near the center of the cyclone.

and hence, in general, the strongest winds are found to have
the least inclinations to the isobars. And as the tendency of
the very rapid gyrations near the center is to approximate to a

circular gyration, it is evident that the inclinations must be
more regular with such winds, v zales, than

with light winds,- as found to be the case by Mr. Ley from
observation.

12. If the water in a basin of water has an interchanging
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motion between the internal and external parts, and this basin
itself has a horizontal gyratory motion around its center, it is

well known that the water toward the center, by the
of the preservation of areas, tends to run into rapid
gyrations, but if the basin has no such gyratory motion, the
water does not run into such gyrations, but simply keeps the
gyrations belonging to the basin! So if, by means of the rare-
faction of some area of the atmosphere, so as to cause a differ-
ence of density between the internal and external parts, an
interchanging motion is kept up between these parts, the atmos-
phere must run into gyrations, that is, give rise to a cyclone,
if the area occupied by this part of the atmosphere has a gyra-
tion around its center, as we know it has, unless this center is

on the equator. The value of u, therefore, in (7) depends upon
the amount of gyratory motion which the part of the surface
of the earth occupied by the cyclone has around its center, and
vanishes at the equator where this gyratory motion vanishes.
The factor (rising), therefore, in the second member of (7),
depends upon the latitude of the place, and vanishes at the
equator. Hence the greater the latitude the less must be the
value of D

t
r, when w cos i and consequently F', the resistance

to this component of the motion, remain the same ; and there-
fore by (9) the less must be the value of i At 'the equator
also, where vcos i vanishes on account of the vanishing of the
gyrations, tan i becomes infinite, and consequently ?'=90°.

13. Mr. Ley's results obtained from the averages of all the
stations correspond to about the parallel of 50°. We now see
that according to theory, the less the latitude the greater must
be the value of i obtained from observation, and that at the
equator the motions would be found at right angles to the iso-

'.
,ais ft would, therefore, be interesting to have the value of

i obtained from observations for other latitudes. This has 1 >een

done recently by Professor Loomia (this Journal, July, 1874),
from two years' observations of the Signal Service of the
United States, as given in one of the tri-dailv weather maps
tor each day. The method adopted is different from that used
by Mr. Ley, but the results obtained should be the same by
each method. The angle of inclination obtained from these

taps was over 45°, which is more than one-third of
tins V) le greater than that obtained bv Mr. Ley for the five
inland stations. The average latitude of the stations on the
United States weather maps is considerably less than that of
the five inland stations used by Mr. Ley, and a part of the pre-
ceding difference is, no doubt, due to that cause, as theory
requires, but perhaps the greater part is due to the greater
amount of fnctional resistance to the gyrations in a new and
wooded country. 6y
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In the case of the trade winds, a part of the polar cyclones,
the inclination of the direction of the wind to the isobars at

sea is about 45°, and this being at about the latitude of 20°,
the value of this angle, by theory, should be very much greater
than its value at sea at the parallel of 50°. whirl, Erom Mr.
Ley's small value obtained for the coast stations is perhaps
less than 10°, so that this also confirms the preceding theory.

14 Having now learned something from both observation
and theory with regard to the value of the theoretically un-
known angle i contained in the relation expressed by (1), we
shall now proceed to make some comparisons of this law or
relation with observation. We shall first consider the mean
gradients and velocities belonging to the two polarhemispherical
cyclones. Observation shows that the barometric pressure is a

md that consequently, G vanishes >out the paral-
lel of 35° in the northern hemisphere, and a little nearer the

equator in the southern hemisphere, and that there are calm
belts, called the tropical calm belts, at these latitudes, except
so far as they are occasn mallv di.sturl ed by local cyclones. By
the relation expressed by (1), if we put* G=0, we must also

have v=0, unless eosi vanishes, which, we have seen, does not,

t the equator. There must, therefore, be a calm where
nd hence we have the tropical calm belts. At the

equator we also have G=0, and with this value (1) is satisfied

with i?=0, that is, with a calm belt, as observed at the equator;
but it is likewise satisfied by (2nsinZ+w) vanishing at the

equator, and hence v is arbitrary.

Again, observation shows that the mean constant barometric

pressure increases in the middle latitudes in going from the

poles to the equator, and decreases within the tropics, and
hence G is positive in the former case and negative in the lat-

ter. The relation of (1), or of (S\ requires that in the former

case we should have the principal con
j

merit of velocity, rcos/,

positive, and in the : .

: K that in the mid-

41 titudes there should be an eastward motion, and between
the tropics and the equator a motion toward the west. This,

it is well known, is in accordance with observation.

15. The barometric pressures given by Professor Loomis
(Meteorology, p. 18) in del of 64°

in the northern hemisphere, and about the parallel of 74- in

the southern hemisphere, there is a minimum of barometric

pressure, and hence G vanishes in these latitudes, and there-

fore, for reasons which have already been given, we must
have calm belts there. The observations from wh
pressures have been deduced perhaps did not sufficiently em-

brace all longitudes and all seasons to give the mean con-

stant pressures, unaffected by local circumstances and the sea-

except at 1

G-0, and
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sons. This we know is the case in the southern hemisphere,
where the most southern observations, obtained mostly by
the British Board of Trade, wej le during the

summer season, when the barometric pressure is the greatest

in those latitudes. If, however, it can be clearly shown by
observation that the mean annual pressure is a minimum at

these latitudes all around the globe, then the gradient or value
of Gr is negative between these parallels and the poles, and
there must consequently be a wind between these latitudes and
the poles having the component v cos i from the east, and as

the other component of motion at the surface must in this case

be from the pole toward the minimum pressure, the wind must
be from some point between the north or south, according to

the hemisphere, and the east.

16. The real velocities and directions of the mean constant

winds have been determined only very roughly from observa-

tion on any part of the globe, and hence no very accurate com-
parisons of our law with observation can be made. Such com-
parisons, however, all seem to establish the truth of the law

within the limits of the errors of observation. The mean con-

stant isobars in the British Islands, as determined by Mr.

Glaisher, all effects of the seasons and of local disturbing causes

being eliminated, gives very nearly G=0"02 of an inch. With
this value in (1), supposing the direction of the wind to be

toward the east, or nearly so, or that the value of i is small, we
get v=6 miles nearly. This is a very little less than the mean
eastward velocity of the wind here, as determined by the late

Prof. Coffin, and given in his " Winds of the Northern Hem-
isphere." Again, from the table of barometric pressures given

by Buchan (Handy Book of Meteorology, p. 27) we deduce the

approximate value of G=-0'02 about the parallel of 20° in

ni hemisphere. The stations in this table belong to

liferent longitudes, and the gradients, no doubt, differ

considerably on the same parallel in different longitudes, so

that this is merely a rough average value for that latitude. On
the ocean in this latitude, where the trade winds prevail, with-

out any disturbance from local disturbing causes, the direction

of the wind being about N E., is inclined to the isobars about

45°, and the direction being westward the value of i in this

case is about 180° +45° =225°. With this value of i, and the

value of'G above, we get from (1) y=15 miles nearly, the prin-

cipal component v cost being negative and consequently west-

ward in this case. This velocity cannot differ very much from

the usual velocity of the trade 'winds, so that the result seems

to confirm our law with regard to velocities.
From the table of barometric pressures given by Buchan,

which has been already referred to, we obtain for the parallel
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of 52° in the southern hemisphere the value of G=0'07 of an
inch, and the tabular results from which this is obtained are

the averages of a very large number of observations obtained
by the British Board of Trade, so that this gradient mav be
regarded as being pretty accurate, and it is perhaps very nearly
the same on that parallel all around the globe. Supposing the
value of i here to be small, that is, that the wind blows very
nearly from the west, we get from (1), with this value of G, v
=21 miles for the velocity of the winds on this parallel. All
accounts represent the west winds in this latitude as being very
strong all around the globe. Mr. Laughton says :* " Between
the parallels of 40° and 60° the westerly wind blows with a
constancy little inferior to that of the trade, but with much
more violence. About the parallel of 50°, indeed, it is found,
as a rule, to be blowing 'half a gale of wind,' and this not
only south of the Atlantic, but all round the world." A veloc-

ity of 21 miles per hour makes a pretty strong coDstant wind,
and this theoretical velocity probably corresponds very nearly

with the average wind in this latitude.

17. We come now to make some applications of the law to

ordinary cyclones. Since in the center of a cyclone the baro-

metric pressure must be a minimum and consequently G=0,
in order to satisfy (1) in this case we must have v=0, and
hence there must be a calm at the center. In the large cyclones

the gradient or value of G may not become sensible for a con-

siderable distance from the center, and in such cases there is no
sensible velocity of the wind within that distance. The area

of almost a perfect calm in some cyclones is said to be as

much as 30 miles in diameter.

The gyrations of the external part of a cyclone are necessar-

ily in the contrary direction, and hence the component of gy-
ratory motion v cost must be negative, and consequently sect;

in (1), and the sign of G becomes reversed. At some distance,

therefore, from the center of a perfect cyclone between the

center and the outer limit, the barometric pressure must be a

maximum and G vanish. At this distance, therefore, by our

law we have v= 0, that is, a calm. Hence areas of high barom-

eter must generally be areas of calms.

18. If the isobars of a cvclone drawn to every tenth of an

inch of the barometer reduced to sea level are 100 miles apart,

we have G=01 of an inch. With this value of G, a

the value of i to be so small that we can put seci=l, we get

from (1) at the distance of 400 miles from the center of the cy-

clone, or center of curvature of the isobars, and on the parallel

of 45°, y=29 miles for the velocity of the wind; and this

would be very nearly the actual velocity at sea, where the

* Physical Geography in its Eelations to the prevailing Winds and Currents, p. 41.
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of the United States Signal Service, then \

for the velocity of the wind, under the sac

v=21 miles. With a still much greater inclination than this

average inclination, which must frequently happen, this velocity

becomes much less.

At a distance of only 100 miles from the center, all the other

circumstances being the same as above, we get v=22 miles in

the case in which i is small, as at sea ; and in the case in which

the value of i is 45°, we get «=18 miles nearly. The compari-

son of these values of v with those of the preceding paragraph

shows that the velocity of the wind belonging to the same gradi-

ent diminishes considerably toward the center of the cyclone.

19. The preceding law or relation contained in (1) cannot

Le tested by comparing the observed velocities of the wind in

individual "cases with those deduced from the corresponding

gradients obtained from the isobars as laid down on the weather

maps of the Signal Service ; for these being laid down from

observations made at stations which are in many cases several

hundred miles apart, the effects of the minor more local dis-

turbances cannot be taken fully into account, since within an

ordinary cyclone there may exist several smaller cyclones with

distinct centers of their own, of so small extent that their

effects upon the isobars cannot be determined from stations

merely at wide distances apart. The law can only I

by comparing the average velocity of a great many individual

cases with the average of the corresponding observed _

as deduced from the isobars, taking account of the distances of

the stations from the centers of curvature of the isobars.

20. According to the empirical law of Dr. Buys Ballot, the

wind blows at right angles to the line joining the highest and

lowest pressures, or, in other words, in the direction of the iso-

bars, and with a force proportional to the steepness of the gra-

dient. This, so far as it represents the true law of nature, is

wholly contained within the preceding theoretical and much
more general law. Theoretically the direction of the wind can

never exactly coincide with that of the isobars, but
to the results obtained by Mr. Ley the inclination to this direc-

tion may be small in the higher latitudes at sea, and on

level prairie or mostly cultivated countries, where the winds

are not obstructed by wood - lands ; but according to our

law this angle, even at sea, must become large

toward the equator, and accordingly we find that the trade

winds at the parallel of about 20° are inclined to the direc-

tion of the isobars about 45°. This law of direction then,

as a general law applicable to all latitudes, is not even ap-
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proximately true near the equator. With regard to the force
or velocity of the wind, we see from a mere inspection of the
expression of Gr in (1), that the velocity in all parts of the
cyclone for the same latitude is not proportional to Gr, but is

less near the center of a cyclone ; and this has likewise been
shown (§17) by obtaining numerical results in special assumed
cases It is, moreover, seen that in different latitudes the
value of v corresponding to the same gradient, or value of G,
must be nearly inversely as the sine of the latitude, especially
at a considerable distance from the center of a cyclone, whore
u in (1) is small in comparison with In sin I. For this reason
the violence of the wind in a cyclone corresponding to the
same gradient is much greater within the tropics than in the

titudes.

21. If we put

Gr'= Gr divided by 100 miles

;

D = the barometric depression in inches at the earth's

surface in the middle of a cyclone
;

we shall have

do) D^G-=/(0
-524

8;^+;>;
sec '

,

miles, and the integration be
due when the barometric pres-

3 assumed value, as the mean, below which
the depression is estimated.

It is well known that there is a depression of the barometer
below the mean in the middle of all cyclones. In the polar

regions, near the centers of the two polar hemispherical cy-

clones, the barometric pressure is considerably below the mean,
near the north pole more than a half inch, and near the south
pole about an inch, the depression at the latter being greater on
accoarit of there being but little land and few mountains in the

southern hemisphere to obstruct the gvratioi;s an-uud the pole,

upon which the depression depends/ In the middle, also, of

ordinary cyclones a depression below the mean of two or more
inches is sometimes observed. Up to this time no meteorolo-

gist has accounted for these depressions. It has been attempted
to account for them bv means of the centrifugal force arising

from the gyration* relative to the earth's surface merely, neg-

!i the earth's rotation; but this

in all cases gives an effect very much too small. For upon this

•al term in the expression of D
(10) depending upon 0'524sin \ and retain only that depending
upon u, which, we have seen, is generally very small in com-
parison with the former. In fact, in the two polar hemispheri-

cal cyclones v is so small in comparison with 0'524sin I, that it

Am.' Jo. k. Scr.-Tn S he* v.. \ III, No +~ -Nov., 1874
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can be entirely omitted without sensible error, so that by re-

taining merely this very small term we get from (10) no sensi-

ble depression of the barometer toward the poles at all. In
ordinary cyclones, also, the effect depending upon u merely is

very small in comparison with that depending upon the other
term, except in violent tornados of small extent, in which the
principal part of the gyrations is near the center. By using
the complete expression of D we obtain a complete and satis-

factory explanation of all these depressions. When a cyclone
is of large extent no great velocity and corresponding steepness
of gradient is necessary in any part to give a great depression,
for the greatness of the' depression arises from the extent of the
integration. For instance, in the great polar cyclone of the

southern hemisphere, we have seen that the greatest eastward
velocity, corresponding to the steepest part of the gradient
about the parallel of 52°, which is necessary to give the great

depression near the south pole, is only twenty-one miles per

22. All barometric oscillations depend almost entirely upon
cyclonic action, and are caused generally by the passage of

ordinary cyclones over the place of observation. Hence at the

equator, where cyclones cannot be formed, there are scarcely
any sensible barometric oscillations except the regular small
diurnal oscillations. In this case the expression of D in (10) be-

comes indeterminate, since at the equator (2n sin l+u) vanishes,
but sec i becomes infinite. But since the value of* depends upon
friction and upon the neglected effect of inertia, the value of D
must likewise, in this case, depend upon these. Observation
shows that at and near the equator the barometric oscillations

are extremely small. Col. Sykes observes with regard to the

small diurnal oscillations on the plateau of the Deccan :
" In

many thousand observations made by myself there was not a

solitary instance in which the barometer was not Uglier at 9-10
A. M. than at sunrise, hwer at 4-5 P.M. than at 9-10 A. M., what-
ever the indication of the thermometer or hygrometer might be: nor
was there a solitary instance in the year 1830 in which the

maximum night tide was not higher than the 4-5 o'clock day
tide."* Humboldt likewise observes with regard to the regu-
larity of these oscillations in the torrid zone : "This regulnrity
is such that, in day time especially, we may infer the hour
from the height of the column of mercury without being in

error, on an average, more than 15 or 17 minutes. In the tor-

rid zone of the new continent I have found the regularity of

this ebb and flow of the aerial ocean undisturbed either by
storm, tempest, rain, or earthquake, both on the coasts, and at

elevations of nearly 13,000 English feet above the level of the

* PhiL Trans., 1835, p. 167.
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sea." These small diurnal oscillations have nothing to do with
the question which we are considering, but as the range of
these oscillations is only 01 of an inch, the preceding extracts
show that the irregular oscillations due to other causes, which
in the higher latitudes frequently amount to an inch or more,
in the torrid zone are so small as scarcely to interfere with the
regularity of these small diurnal oscillations, and hence must
be themselves very small. At the equator there cannot be any
gyration, and hence in the storms and tempests of which Hum-
boldt speaks, the motion of the air at the surface of the earth is

directly toward the center of the area of diminished density,
and both the inertia of the air and the friction belonging to
this motion are overcome by the force arising from almost in-

sensible barometric gradients. The inertia, therefore, of the
air merely, which we omitted at the outset in obtaining the re-

lation of (1). is overcome by a very small part of the usual gra-
dients and its omission, consequently, gives rise to only a very

in any case. In a cyclone the force arising from the
gradients is almost exactly balanced by that arising from the
"""

trifugal force of gyration, including that of the earth's sur-

is the mobility of the £

'

face, and i

/ small part of this
force which is spent in keeping up the motion of the air be-
tween the in: parts of the cyclone.

23. If friction is as the first power of the velocity, it is evi-
'...;.''

. ic same, that the
gyratory motion of a cyclone, and consequently the value of v,

is as the sine of the latitude, or sin I, and hence the value of D
in (10) is as the square of this sine. The mean monthly ranges
of the oscillations of the barometer must, therefore, increase
with the latitude, and should be somewhat in proportion to
sin 2

/. This is shown to be the case from observation. In the
following table we have the mean monthly ranges given by-

observation * corresponding to the given latitudes in the first

column, and in the last column we have the ranges which in-

crease as sin 3
t, putting the range at the pole equal to 1*6 inches.

1. Mean monthly ranges iv, in. sin -,'.

0° 0-1 in. 0-0 in.

30 0'4

45 1-0

65 1-33 1-30

78 1-2 1-36
!

1 Loomis' Meteorology.
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tude which affect these oscillations. The rapidity of the gyra-

tions in a cyclone, and consequently the amount of barometric
depression in the center, depends very much upon the amount
of aqueous vapor with which it is fed, and this diminishes from
the equator to the pole. The great cyclones also, which move
from lower to higher latitudes, continually increase in diameter,

and hence the amount of depression in the center, and the

amount of barometric oscillation at any place caused by the

passage of these cyclones over it, must increase toward the

poles. These two effects, however, tend in some measure to

counteract each other. The monthly range of Ol of an inch

at the equator is simply that of the diunuil oscillations due to

another cause, so that the irregular oscillations sensibly vanish

there, as required by theory.

No adequate cause has heretofore been given for these oscilla-

tions, nor one which does not equally apply at the equator and in

the higher latitudes. We have here given a complete explana-

tion of them, and of their vanishing, or nearly so, at the equator,

and of their gradually increasing with the latitude. We now
also see the reason why the diurnal oscillations are so regular,

not only exactly at the equator, but throughout a belt of con-

siderable extent on each side of it. For the irregular oscilla-

tions, which interfere with the regularity of the diurnal, being

as the square of the sine of the latitude, must be very small for

a considerable distance from the equator. The preceding re-

sults also still further verify the law expressed in (1), since the

expression of (10), upon which these results are based, is ob-

tained directly from the former.

24. Wherever the atmosphere over any large area of the

earth's surface receives a gyratory motion from any cause, this

motion gives a value to u and v in (1), and, hence, likewise to

G. The term, however, depending upon w, in any such case,

is so small in comparison with that depending upon In sin ?,

that it can be omitted without sensible error. We can also put

sec t=l in this case, and then we have v=ru, and v may be

either positive or negative. If v is positive, that is, if the gy-

ration is from right to left in the northern hemisphere, or the

contrary in the southern, the value of G is positive, and the

pressure increases from the center outward, and there is low

barometer at the center; but if the gyrations are the contrary

way in either hemisphere, the value of G is negative, and con-

sequently high barometer at the center of gyration. The west-

ward motion of the air at the parallels of the trade winds in

the Atlantic Ocean, and the eastward motion in the middle

are in some measure obstructed by the continents

and deflected from their course. The westward motion north

of the equator is turned northward over aud along the coast of
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the United States, and the eastward motion in the North At-
lantic is deflected south and north by the continent of Europe,
while on the corresponding part of the coast of America the

air is drawn away faster than it is supplied by the flow over
the continent on'account of the greater resistances on land than

on sea, and the same occurs on the African coast in the torrid

zone. Hence the deflected currents supply those deficiencies

and give rise to two gyrations in the North Atlantic, the one
being a gyration from left to right over a large area having its

center about the parallel of 30° and half-way between the con-

tinents
; the other, in the northern part of the Atlantic, being

a gyration from right to left, and having its center about the

parallel of 65°. Hence there is an area of high barometer in

the middle of the former gyration, and of low barometer in the

middle of the latter. The effect of these gyrations is indicated

by the isobars drawn on the British Admiralty charts, on which
several of these isobars, drawn to tenths of an inch of the bar-

ometer, alwavs return into themselves. If we suppose these

isobars to be 500 miles apart at anv place, on the parallel of 30°,

the value of G would be 0'02 of an inch, and with this value of

G-, putting /f=30°, we get from (1) v=8 miles nearly for the

velocity of gyration per hour at that place. In the northern

gyration the velocitv corresponding to the same gradient would
be less on account "of the greater value of sin I. From the

isobars of the Admiralty chart we see that there are two simi-

the North Pacific, causing an area of high

barometer about the latitude of 30°, and of unusually low

barometer toward the pole. There are also indications of these

gyrations immediately south of the equator in both the Atlan-

tic and Pacific Oceans, and also in the Indian Ocean, as shown

by the isobars, but not toward the poles, since the continents

in the southern hemisphere do not extend far enough south to

produce the necessary deflections there.

25. If we multiply the second member of (1) by 10,500, the

ratio between the den-itv <>i the air at the earth'- surface and

mercury, bv which we get 800 nearly for the denominator in-

stead of 8,300,000, G expresses the gradient of sea-level due to

the deflecting torn- of the earths rotation. The ,.

of the North Atlantic is supposed to make a gyration in about

three years, on account of the more complete deflections of the

continents in this case similar to those of the atmosphere.

This at the distance of 1,500 miles from the center of gyration,

would give v=-0'35 of a mile, v being neg itive. sin •• the gyra-

tions are from left to right. With this value of

sec i= l, we get from (1) with the new denominator, G-=-0'O8
of a foot for the change of sea level in 100 miles on the parallel

of 30°. The value of G being negative shows that the sea-
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level is highest in the middle of the gyration, and the difference
of sea-level between the center and the external part of the gy-
ration would amount to several feet. Similar gradients in the
seadevel are produced wherever there are ocean currents, the
gradient being proportional to the velocity of the currenl and
the sine of the latitude.

Art. XXXIL—Researches in Acoustics ; by Al
Paper No. 7, containing :

Experiments on the Reflectio

The reading of the recent interesting research of Prof. Tyn-
dall on "Experimental Demonstrations of the Stoppa-e' of
Sound by partial Eeflections in a non-homogeneous Atn
(Proc. R S., Jan., 1874; Nature, Jan. 29, Feb. 5), and of the
subsequent paper by Mr. Cottrell "On the Division of a Sound-
wave by a Layer of Flame or Heated Gas into a re fleered and a
transmitted Wave" (Proc. E. S., Feb. 12, 1874), caused me to
turn my attention to the experimental illustration of the reflec-
tion of sonorous vibrations from tlames. heated -a^es. and from
sheets of cold gases and vapors.

_
The following experiments are of easy execution, and show

in a marked manner the reflecting powers of sheets of flame
and heated gas, and e
to give approximate
of Jthese reflecting powe
Take two similar resonators

and place the planes of their
mouths at a right angle ; then
in this angle firmly fix the
fork corresponding to the res-
onators, so that the broad
face of one of its prongs
faces the mouth of one res-
onator, while the space be-
tween the prongs faces the
mouth of the other resonator.
(See the figure.)* By trial

,

the two planes of the fork are
placed at such distances from
the resonators that

iff

*The wood-cut illustrating this oauer has hP«n irinriw t
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issuing from their mouths is obtained, and the only sound
that reaches the ear is the faint sound given by the fork's ac-

tion on the air outside the angle included by the mouths
of the resonators. If, in these circumstances, we close the

mouth of either resonator with a piece of cardboard, the open
resonator will strongly reinforce the sound of the fork. If

we now also cover the mouth of the latter resonator with a piece

of cardboard we shall again have silence. Also, if we substitute,

for one of the pieces of cardboard, a slip of stout glazed note-

paper, the same result is obtained. But. if we replace the piece

of note-paper by a similar piece of French fcracing-paper, a laint

sound issues from the resonator so covered, because the tracing-

paper is sufficient.y permeable to sonorous vibrations to permit

the resonator to slightly reinforce the sound of the fork. This

reinforcement becomes greater if we substitute for the tracing-

paper a piece of tissue paper—such as is used in printed books
to cover steel engravings—and a yet greater reinforcement is

produced when we put in the place of the tissue-paper a piece

of the soft, loosely woven paper which is used by French instru-

ment makers for the inner wrapping of their packed wares. I

thus obtained a graded series of substances, more and more

permeable to sonorous vibrations.

I again obtained neutralization, by interference, with the

mouths of the resonators open, and then screened the mouth of

one of them with a bat's-wing coal-gas flame. The vibrations

issuing from the resonators were now no longer neutralize!, but

the vibrations from the uncovered resonator had a great ascen-

dancy over the other, so that a strong sound issued from it. I

now tried to destroy this superiority bv screening its mouth
successively with the graded series of'paper screens. The loose,

soft paper was not equal to it ; nor was the tissue-paper ; but the

pialled the effect of the gas-flame in guard-

ing the mouth of the resonator from the entrance of sonorous

vibrations. On lowering the gas-flame, so that its top luminous

border was just below the mouth of the resonator—and there-

fore only a sheet of heated air ascended across the latter,—the

balanced the tissue- * gases and vapor re-

mained unimpmn 1. Thus it appears that the reflecting power
of a sheet of coal-gas flame or of a sheet of the heated car-

bonic acid and vapor of water just abov

balance of the interference, and caused a faint sound to issi

from the other resonator ; a similar effect, and nearly equal i

intensity, was obtained with a sheet of cold carbonic acid gas
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while cold, dry hydrogen closed the mouth of the resonator
more effectively than either of the above gases, but was far in-
ferior m this shielding action to the sheet of heated gas.- above
the bats-wing gas flame. I attempted to get a rough measure
of the '-acoustic opacity" of hydrogen, but could find no sub-
stance sufficiently permeable to balance it, except a sheet of
rather fine wire gauze. We should not place too much confi-
dence in measures of the reflecting power of surfaces made by
the method just described, and which I have used merely to
give approximations of the reflecting powers of the above
named gaseous sheets; for the substance which closes the
mouth of the resonator may allow a considerable portion of
the sonorous vibrations to enter the latter, and yet the resonator
may not be able to reinforce the sound by reason of its being
thus thrown out of tune with the fork, bv an unyielding sur-
face closing its aperture. Thus, a sheet of thick note-paper
prevents resonance as effectively as a thick piece of Bristol-
board, or a plate of metal

;
yet we know well that these sub-

stances have very different powers to reflect sonorous vibrations.
As a flat coal-gas flame equals a piece of tracing-paper in re-
flecting bob r follows that we can substitute
the former for the latter in all experiments where the presence
of the paper produces, by its reflecting power, an alteration m
intensity or m pitch. Thus, if we vibrate a fork before the
mouth of a resonator while the nipple of the latter is open, we

Gar inferior reinforcement to what takes place when the
nipple is closed Now, the nipple can be partly closed with a
gas-flame or a sheet of heated air. Thus, alternately closing
and opening the nipple of an Ut

4
resonator with the flame of a

Bunsen burner, gives excellent results.* The reflecting power
of a bats-wing flame is also well shown by successive!
and opening the mouth of any resonant" box of forks in the
octave Ut

4 to Ut
s . Also, if the plug be taken out of the ends

ot closed organ pipes and these pipes be placed horizontally,
the reflecting effect of the flame is heard when the latter is

rward and backward across the open ends of the pipes,
while the ear is placed in the axes of the pipes. The simplest
method, however, is to sound the fork (either continuously by
electro-magnetism, or by a bow) in front of its resonator, and
successively to close and open the mouth of the latter with a
flame or sheets of heated gas, or of cold vapors or gases. The
contemplation of these experiments naturally calls up the ques-
tion, Is the action of the flame due entirely to reflection? may
it not also absorb part of the sonorous vibrations as in the
analogous phenomena of the reflection of light ? If the inten-
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sity of the sonorous vibrations, which have traversed the flame,

equal the intensity of the vibrations which impinged on the

flame minus the intensity of those which were reflected from
the flame, then there is no absorption of these vibrations by
the flame ; but if this equality does not exist, then there is

absorption in the flame ; and this means that the flame is heated

by the sonorous vibrations ; which enter the flame as sonorous vibra-

tions, but issue from the flame as heat vibrations. It thus, at

first, appears that the absorption of the sonorous vibrations

might be detected by their production of an increase in the

ire of the flame; just as sonorous vibrations are ab-
' by caoutchouc and reappear as heat in this substance.

In the following manner I have recently made experiment

in the direction of determining the equivalent of a given

sonorous aerial vibration in fraction of a Joule's unit of 772

foot-pounds. I stretched between the prongs of an Ut
3
tuning-

fork a piece of sheet caoutchouc. r J- n inch in thickness, and

about £ inch broad. The effect of this rubber on the vibrating

fork is" rapidly to extinguish its vibrations, while the rubber

itself is heated: and li a fork be vibmted continuously by one

and the same force when the rubber is stretched on it, and then

when it is taken off, the aerial vibrations produced by the fork

are far more intense in the latter circ [instances than in the for-

mer. By a method described by me in this Journal. Feb..

1871, 1 measured the relative intensity - of the aerial vibmtions

in these two conditions of vibration. The sheet of oa
was enclosed in a compound thermo-battery and the fork

vibrated during a known interval ; the rubber was heated by
the vibrations which would have appeared as sonorous vibra-

tions if the rubber had been removed from the fork. The
amount of heat given to the caoutchouc was accurately deter?

mined bv the deflections of a Thomson reflecting-galvanoi etor

connected with the thermo-batterv : and bv knowing the interval

•1 Tin-- win, h the fork vibrated, tl eai lount of heat given to the

caoutchouc during this interval, and the equivalent of the

heated rubber in water, I calculated the intensity of the so-

norous vibrations in terms of a thermal unit, from which I at

once obtained the value of the sonorous aerial vibrations when
the fork was not heating the rubber ; in other words, when it

vibrated freely. I thus found that the sonorous aerial vibra-

tions, produced during ten seconds, by an Ut 3
fork

|

front of its resonator, equalled about .-ooW of a Joules -•"*•

that is, they can be expressed in the work done in lifting 54

grains one foot high. This quantity of heat, which is equal to the

heating of one pound of water TS5Vn of a degree Fahr., ex-

pressed the amount by which the gas flame would be heated if

it absorbed all of the sonorous vibrations issuing from the Ut 3
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it this is such a small fraction of the entire heat
in the flame, that it is far within the actual fluctuations in its

: ire, and even if the flame were constant in tempera-
ture, this small increase could not be detected by anv known
thermometric method. We cannot therefore determine the
amount of absorptive power of a flame or of a sheet of heated air
for sonorous vibrations, by experiments on their increased tem-
peratures when sonorous vibrations impinge on these bodies.
Hoboken, April 10th, 18U.

Art. XXXIIL— Velocity of Primitive Undulation; by Pliny
Earle Chase, Professor of Physics in Haverford College.*

Newton's hypothesis of a primitive eethereal energy, as the
source of cosmical attraction, underlies the fifty thesesf which
I have submitted as a contribution to the discussion of Anders-
sohn's " Losung des Problems iiber den Sitz und das Wesen der
Anziehung," at the coming Breslau meeting of the German

of Naturalists und Physicians. In those theses I
have embodied some of the most important conclusions to be
drawn from the physical investigaii,.i- in which I have been
engaged during the past twelve years, and I desire to invite
special attention to the curious analogy in the closing thesis,
which may perhaps furnish an important clue to the unity of
forces that so many are seeking, and of which Secchi treats so
largely.

Henry's experiments have shown that there may be ponder-
able resistance occasioned by imponderable agency ; Plateau's,
that motion may shape cosmical ma— >

: Ami, kaolin's, that
so-called attractions may be explained by thrusts as well as by
pulls

;
my own, that purely mechanical vibrations may pro-

duce polarity. The tendency of modern theorizing to resolve
all physical agencies into forms of motion, suggests the inquiry
whether the primitive motiou, of which irrtivitv and other
forces may be special developments, has a constant, or a varia-
ble velocity. The hypothesis of constancy seems to me more
probable a priori, and the subordinate variability, directly as
the mass and inversely as the square of radius, can be readily
explained in accordance with that hypothesis ; inasmuch as the
number of radial impulses, intercepted bv a given surface,
varies as the ;—
varies as the 1
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resulting laws of curvilinear r

and focal

sisofau__.__
material Eether, which would necessarily establish special sys-

tems of centripetal and centrifugal undulations about every
center of gross inertia. We may, therefore, reasonably seek
for the value of the hypothetical constant velocity, and in

order that our terms may all be strictly comparable, we will

look merely at radial action, either toward the sun's center, or
toward the central sun. Let

2F=M = modulus of Newtonian a3tber= height of a homoge-
neous aethereal atmosphere, at sun's surface, which would
propagate undulations, or motion toward a vacuum, with

the primitive constant velocity=2 X virtual fall, which
would produce the same velocity.

2r=diameter of sun at any given time, either actual, or when
homogeneously expanded or contracted to any point in

space
; r=nr^ being the present radius, and r the radial

unit.

2r = v = diameter of sun at which the ethereal and gravitating

motions would all be equal, and 2F would=2r=v = v =
vu=vIJ/

= 2f; v being the limit of possible Eethereal ve-

locity= primitive constant velocity, expressed in the unit

of time of traversing 2r .

v
l
~/>

s/2gr—2 I—= velocity communicated by infinite fall to

sun's surface, (present, past or future ; actual, expanded

vu =—vp——= mean velocity of grand-central undulation ac-

cordant with vp ,
(vp being superficial equatorial velocity,

and tp being time of solar rotation).

v
ll/=2f=2f t*=g=\/2gf=2r 9

= falling velocity communicated,

at sun's equatorial surface, by Virtual fall through the

radius of a circumference e ,

*
] ve wave-

length= focal distance of the vertex of a corresponding

parabolic wave. Then

9 = ~~= ^-— ^i-— ^- , and we have the following geomet-

H
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v, ccr-i v, =2r 7i-i =r -57640000
0„oor-' V/t =2r n-* =^28055000000— ocr-| =2r n-% = r,-f- 13654000000000
vuycor-» vul =2r n-* =r- 6645600000000000

The values in the right-hand column are determined by the

constant ratio, n% =486*7, which is approximately found by
dividing the known value of v. by the ap
value of v„ , as follows :

The approximate values of tp vary between the estimate of
Sporer (2127554 sec), and that of Herschel, Bianchi and Lau-
gier (2188080 sec.)- The respective corresponding values of

"" ^ 631888
aDd

54*020
lQ °ne SeC°nd °f time-

Earth '

S mean

distance from sun being 214-86/-,, we find v =
2yrr^2

-=
' lyr.-*-2 14*86*

*000887r, per second
; g=

4?n^-—— = -000000393r, per

, (1 Vr--^214-86t) 8

second; n*=y
/
-f-v

//
=471'7 according to Sporer, 478*3 accord-

ing to Carrington, 480-3 according to Faye, 485-1 according to

Herschel, or, as will be shown below, 486*7 if the velocitv of
primitive undulation is identical with the velocity of light.

Then i; -=v
/
n*=-4183r

<
per second (S.), *4242r, (C.), -4295/-. (F.),

'4302r (ELi or -4316r, (v L).

The value vnl = 2r represents the following comparative
considerations of rectilinear or curvilinear motion. Let

v
ti
= linear velocity communicated by virtual fall through — ,

=

circular velocity acquired by virtual fall through I~ = cir-

; of traversing r by revolu

§-•= ^= primary virtual fall corresponding to a single wave-

length.

Then w = ±7iT/ -=-M 3 =r,-r 1057700000000000, if n* = 4867.

If we adopt other estimated values of n^, the number of wave-
lengths per second may be provisionally estimated as between

?l?Mn\t
U,(

r?-
)and *802r-w (H.), or between 367(10)" and

446(10)12
. These extreme estimates both correspond, in rapid-
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ity, to undulations near the hottest portion of the solar spec-
trum,* and indicate a possible complete identification of the suris
attractive and thermodynamic energies.

According to Struve's constant of aberration, v% (the velocity

of light) =r/"f"^TT^ = 43167*, per second. The corresponding

value of 71^=4:86-7, and the number of vibrations per second
=457(10)12

, as before stated. Therefore the constant velocity
<->t primitive a-therea] impulsion, r , which would account for

all the gravitating motions of the solar system, is almost, if not
exactly, iden ity of light, the several approxi-
mate values being, in units of light-velocity,

According to Sporer, -969

" Herscfiel, "997

Light, 1 000

These values exhibit a discrepancy, varying between -§ of one
percent (H.) and 3*1 per cent (S.).

'
If this close accordance is

significant of actual physical influence, there are various uncer-
tainty- of observation, in the e.ements of the calculation,

which might account for a still greater discrepancy. Perhaps
the most important is the uncertainty as to the proper allowance
for the differences in the angular velocity of sun-spots in dif-

ferent latitudes. If there were no resistance to the revolution
of the spots, their v< (tary, and therefore

far greater than it actually is. On the other hand, if they were
rigidly imbedded in a rotating mass, their angular velocity

should be uniform. The differences are such as to suggest the

f that the velocity may be partly planetary a I

rotary. In that case it is not unlikelv that even Herschel's

estimate of vp may be i of one per cent too great. The well

known thermo-dynamic principles which point to a gaseous
structure of the sun. as well as Professor Young's observations

on the force of solar explosions, seem to indicate so nice an
'

>i centripetal and centrifugal ford - within the sun's

mass, as to strengthen the hypothesis that its mean mass, its

mass-fluctuations," the varying motions of its spots, and the

varying orbital .-.i-eiitric'iries of its attendant planets and
satellites, maj all I eontiiroally determined by the constant

primitive motion.
The three following additional relationships may, perhaps,

prove to be something more than merely c
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1. The common ratio of the geometrical series, n", is very

early, if not exactly, ^4-^^S
-
of

1

sun
z
_

;
rV4 being the ra-

mass of planets °

ius of spherical gyration.

2. The number of vibrations of the mean caloriferous rays,

i the unit of time which satisfies all the equations of the
jometrical series, is nearly, if not exactly, the cube of

3. If the sun's velocity of equatorial rotation be regarded as
the velocity at the vertex of a parabolic wave, and conse-

quently as measured by the focal distance of the vertex * the
motion of sun's center in space will be measured by the para-
meter of the same parabola. This is in weighty accordance
with the si y correlations which I communi-
cated to the American Philosophical Society* i

Sept., 1872.
J

If we were to suppose a slight sethereal expansion by the
intense heat at the sun's surface, the inrushing colder aether

might produce gyrations analogous to our atmospheric cyclones.
But independent of any such hypothesis, it is by no means cer-

tain that there may not be some slight progressive aethereal

motion, combined with the motion of wave-form, or some radial

oscillation accompanying the transverse light-und
Any such progressive motion, capable of communicating, at

each wave-impulse, a velocity=_-J^
TF , WOuld suffice to pro-

duce the greatest manifestation of gravitating force in the solar

system. In pursuing any investigations for the further elucida-
tion of the subject, due regard should be paid to the double
system of centripetal and centrifugal waves originated by
inert matter-molecules, and to the aethereal properties which
admit of Laplace's supposed instantaneous transmission of

gravitating action.J It is well also to consider that all the per-

manent gravitating motions, represented by v„ vin tend to per-

petual oscillation, and may therefore be subjected to all the

laws of oscillation.

Whatever difficulties we may find in trying fully to account
•!

•
'going accordances, these accordances are well estab-

lished facts in nature. They are facts in perfect keeping with
Newton's original hypothesis, as well as with the hvdro-dy-

d mechanical investigations of Challis, Norton, and
Leray, with the experiments upon cosmo-plastic forces, and

* g=2J .-V2ji=2 Vfh. f Proc. A. P. S., xii, 51 8-22.



various harmonies of <:><.- mass and
•liidi I have published elsewhere : facts which seem to
id new probability, if not moral certainty, to the belief
Dverable and measurable uniform origin of all physical

Art. XXXIV.—On Serpentine Pseudomorphs, and other kinds,
from the Tilly Foster Imn Mine. Pntnuw Co., New York; by
James D. Dana. With plates VI' and VII

The " Tilly Foster" iron mine is situated about two miles
and a half to the northwest of Brewster, on the Harlem Rail-
road. The rocks of the region are Archaean, being part of the
Highland Range, which reaches from New Jersey, across East-
ern New York, nearly to the borders of Connecticut. The ore
of the mine—magnetite— -is disl i i 1. aecon i p to a pub-
lished report, through a band 132 feet wide; and, like that of
Northern New York and other Archaean regions, it constitutes
a bed conformable to the stratification.

The special mineralogical interest of the locality was first

ed by Professor O. D. Allen, of the Sheffield Scientific
School of Yale College, and the collections made by him have
been the source of many of the facts which are here detailed.
Prof. Allen has given me further aid in the research by his

chemical examinations Prof Brush too has kindly placed
the specimens in his cabinet before me for study. I have also
'

'i-Mt
! the region, and thus added to the number and variety of

the specimens under examination. The analyses and descrip-
tions of some of the minerals of the mine by Mr. E. S. Breiden-
oaugh, in a paper published, in 1873, in the sixth volume of
this Journal (p. 207), have given me additional assistance.

I GEOLOGICAL STRUCTURE OF THE REGION.

1. Archaean rocks.—The Archaean rocks of the region are
mostly different varieties of syenyte and svenvtic gneiss, from
black to white in color, and, as usual in Archaean formations,
they are ofte a, a i as to make broad bands,

Ice, of black and white, with black blotcbings; and
the lines of bedding are much contorted. The syenytic gneiss
vanes to a granular hornblende rock, containing little feldspar;
also to a whitish granulyte-like rock, but little schistose, con-
sisting of quartz and orthoclase, with a very sparse sprinkling
of hornblende ; also to a hornblendic gneiss, in which both
hornblende and biotite (or a black mica) are present : also to a
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true gneiss, but only sparingly. The feldspar of the rocks is

generally whitish, though sometimes flesh-red; and. judging
from the absence of striae on either cleavage surface, it is ortho-

clase. Whitish mica (muscovite) is of rare occurrence. Minute
zircons may often be found by searching in the syenytic rock
with a lens.

The rocks are generally very durable; but at the railroad

cut in the village of Brewster, both the syenytic gneiss and the

included hornblende rock are crumbling to a depth, in some
places, of three or four feet, and this disaggregation appears to

be in rapid progress.

2. Ore-bed.—The magnetite of the ore bed is more or less

mixed with chondrodite. In a portion of it, the magnetite

greatly predominates, and the ore passes for massive magnetite.

But through the larger part the < totes half or

more of the mass, while much of the outer portion of the bed is

correctly described as chondrodite containing, along with some
other minerals, disseminated grains of magnetite. Massive
chondrodite is the chief constituent of the refuse from the mine,

and may be had there by the ton.

The chondroditic rock and ore often contain disseminated

chlo
'

blende and grayish or brownish-gray
disseminated white dolomite and brownish-black biotite; while

se is not found, except in the enclosing syenyte. Mo-
lybdenite is occasionally met with, and ran \y apatite. A little

pyrrhotite and chalcopyrite occur with some of the ore, and
still less frequently pyrite.

A small part of the rock is dolomite, with disseminated grains

ts of chondrodite and occasional grains of magnetite.
3.

' Veins in the ore-bed.—In small veins or nests in the ore-

bed, the various minerals occur well crystallized. The chon-

drodite, chlorite, and : u > tite are often in excellent crystals,

and with these occasionally apatite ; and in some cases cavities

were bristled with slender prisms of enstatite. The dolomite

is present in simple rhombohedrons, some of them two or three

inches across. This mineral usuallv overlies the other crystals

mentioned, but crystals of chondrodite are sometimes isolated

in the chlorite and' also in crystals of dolomite: and magnetite

occurs in these minerals and also in crystals of chondrodite.
Some veins, half an inch to three 'inches in width, consist

mainly of coarsely crystallized chlorite, and others arc tilled

with enstatite in long fibrous masses. Still others consist inainly

of dolomite: but this dolomite is a tilling, covering beautiful

id magnetite implan-
ted on the walls of the little veins : yet the same dolomite often

contains isolated crystals of chondrodite, magnetite or chlorita
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The filling is occasionally dolomite and brucite together ; and
rarely splendent crystals of chondrodite occur isolated in the
latter.

The crystallization of the chondrodite and of other minerals
of the bed is now under investigation by Mr. E. S. Dana, and
nothing therefore need be added here.

In the wall-rock of the bed there are occasional small veins
containing crystals of hornblende and magnetite, and some-
times plates of biotite. The magnetite of these veins is octa-
hedral, with even, polished faces, while that of the ore-bed is

dodecahedral, with usually convex and striated faces.

The above species appear to have been crystallized in the fis-

sures they occupied at the time of the crystallization or the
metamorphism of the rock. The crystallized chlorite, according
to an analysis by Mr. Breidenbangh (loc. cit), is the species
Hjndoiite: but it is not certain that all the granular chlorite ol

the ore bed is of the same species. The color of the ripidolite
is generally deep green, rarely reddish.

4. Minera
minerals, or in other ways.— Besides these, there is another series

of minerals that are manifestly of later origin.

The ore-bed is jointed in various directions. The part con-
taining little chondrodite is mostly solid, with few fractures

;

but the larger part which contains much chondrodite, along
with that which consists mainly of this brittle mineral, is

broken throughout to fragments, and so extremely so that the
pieces are often smaller than the hand. A great mass of the
purer iron ore is in some places in the midst of the more chon-
droditic

; and then the former looks like rock enveloped in a

fragmentary deposit arranged more or less concentrically about
it. The joints, like those of the Archaean rocks of that vicin-

ity, show that the region has been subjected to disturbing
forces

; but the extraordinary amount of fracturing is a conse-

quence of the exceeding brittleness of the chondrodite.

The fracturing opened the rock- to mov< i :, nt.< of water, or

moisture in some form, and was the occasion also of such move-
ments and of much chemical action therefrom.

The fragments, large and small, down to those an inch or less

in size, are" gen. -i >at«-«l u rt i whin- or -recti ;.sh serpentine,

which often looks like a varnish over the surface, and again is

an inch or more thick.* They all feel soapy to the fingers on
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account of it. The great piles of refuse rock that are heaped
up near the railroad leading from the mine are, in the main,
piles of chondroditic masses thus coated or varnished with ser-

pentine. Over the most of them the serpentine is white, a

kind that looks much like meerschaum.
The serpentine also penetrates the masses, and from many oi

them a fragment of chondrodite as large as a filbert cannot be
onta rii <1 tn i* 1 as n< r liln s oi -.

i
> . itiue in or about it. It also

fills the cavities in the old veins that were partly filled with

crystallizations of chondrodite, chlorite, magnetite and dol-

omite, so that the crystals of these minerals are buried under it

;

or it penetrates the veins where there were no distinct cavities.

Besides serpentine, there is sometimes also a coating of brttcUe

(hydrate of magnesia), and occasionally this mineral is in large

crystallizations, Fluor tie is another of the secondary intrust-

ing minerals, although not common; it is sometimes m pink

massive forms, and occasionally ;n small amethystine cubes.

In addition, the ore bed abounds in
t
^i mlnmnrp! •» t> nrneraJs.

cations of chlorite, enstatite, chondrodite, dolomite,

apatite and other kinds occur converted into serpentine of vari-

ous colors. The universal serpentinization of masses and crys-

tals conveys the impression that the rock along all the multitu-

dinous fissures, and, to a large extent, through the interior of

solid portions, had been subjected to long digestion in heated

There are also other kinds of pseudomorphs, indicating great

corroding and recomposing power in the waters, as described

beyond.
Further, there are species of still later origin. Implanted in

the serpentine sometimes occur polished cubes and cubo-pyrito-

hedrons of pyrite ; and in seams in the serpentine, the mineral

pyrrhotite, another sulphide of iron. There are also, on some
of the surfaces of blocks, occasional small groups of crystals of

aragonite, or thin crusts of hydromagnesite.

II. The Pseudomorphs and their teachings.

The pseudomorphs which have been thus far observed are of

s : first (A), those consisting of serpentina or oi serpen-

tine and dolomite combined: second (B), those consisting of bru-

X; f> 0-54, 11*0 12-02 = 100-39. Whether all of the chlorite is of the species

te is not ascertained.

:. Al.,0, ::•:;<), FeO'ffM.
'

0-16, NatO0 24 He analyzed a

kind. It occurs also long fibrous, and radiated fibrous,

isily separating ; G.= 3 • 2 9.

gave him Si6 2 3542, FeO 5T2, MgO 54-22, Fl 9'00 =
fc of oxygen replaced by fluorine, 3-79.

fW Mr. 0.A B ] . FeO 0-70, MnO
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cite: third {Q), those consisting of magnetite: fourth (D), those
consisting of pyrrhotih ; i{ ti» (E). those consisting of dolomite.

A. Consisting of Serpentine.—Of these there are eleven kinds,
1. Cubic, after an unknown mineral. 2. Hexagonal prisms.
probably after calcile. 3. Hexagonal prisms, probablj after
apatite. 4. Plates, clusters of divergent folia, and masses, after
chlorite (part, or all, ripidolite). 5. Masses and enstals. ,'„hr

6. Prismatic and massive forms, after msttiiite.

7. Crystalline massive forms, after hornblende. 8. Foliaeeous to
massive forms, after hiotite. 9. Rhumbohedral, after dolomite.
10. Massive, after brucite. 11. Eectangular tables or plates, after
an >'nk)mwn mineral.

B. Consisting of Brucite (hydrate of magnesia).—12. Foliated
forms, after dolomite.

C. Consisting oj Magnetite.—IB. Ehombohedrons, after dolo-
mite. 14. After chondrodite and other minerals.
D
;

Consisting of Pyrrhotite.—lb. Plates after serpentine (that

E. Consisting of Dolomite.—16. Pseudomorphs, after crystals
oj chondrodite.

A. Serpentine, or Serpentine-and-Dolomite, Pseudomorphs.

1. Cubic Pseudomorphs.

The cubic pseudomorphs—the rarest of those at the mine

—

often form part of the same specimen with the hexagonal of the
second kind above enumerated; and they are shown together

1, plate VI ; and fig. 2 is a view of part of the opposite
side of the same specimen.
The present form of the specimen is owing to the removal of

a portion of the original mass. The bottom layer has usually
the cubes with the cubic axis at right angles^ to the surface
beneath; but, above this, the mass conforms mostly to one
position, some one of the original crystals having dominated
over the rest. This latter fact is well 'shown in fig. 2.

1. Composition.—The pseudomorphs consist either of serpen-
tine, or of serpentine and dolomite combined ; and in the latter
kind there are all proportions, from those purely serpentine to
those that are largely dolomitic.
The serpentine of these pseudomorphs has usually a pale

green color, though in some specimens olive-green. Accord-
ing to an analysis by Professor Allen, its composition, after ex-
pelling 2-09 per cent of hygroscopic moisture, is

Silica Magnesia Water Fe,0„ Al tO,

and, accordingly, it is the common kind.
The dolomite of these compound pseudomorphs is white and

translucent, like ordinary crystalline dolomite. Owing to the
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and this indicated the presence of carbonic acid, magnesia, ana
lime, and left no reason to doubt its identity with the ordinary
dolomite of the mine and of other parts of the specimens.

2. Structure.—The structure is the same for the pseudomorphs
consisting of both serpentine and dolomite, as for those of ser-

pentine alone. A description of the former, which is of greater

interest, will, therefore, suffice for both.

These compound pseudomorphs usually constitute easily-

cleavable masses, two or three inches through. The two min-
erals are united in one crystallized mass, not by intimate mix-
ture, but by side-by-side juxtapositions of independent rectan-

gular blocks or layers of each, all fitted together like parts of a

simple crystal.

The cleavage is cubic and exceedingly perfect, without the

slightest distinction for the two combined minerals, the rectan-

gular blocks (which are always bounded by the cleavage sur-

faces) separating easily, even more so than those of a crystal-

lized mass of galenite.

Figures 3, 4, plate VI, illustrate this singular tesselated com-
bination, the serpentine being the green portion and the dolo-

mite the white. To appreciate the remarkable delicacy of the tes-

selation it must be noted that the specimen here figured (taken

from the large pseudomorphous mass of fig. 2) is but a third

of an inch broad, the view being enlarged five times lineally.

In order that the blocking of the serpentine in the dolomite
may be better apprehended, the top of the specimen represented
in fig. 3 is given separately in fig. 4. Some of the rectangular
serpentine spots in these figures are wholly isolated in the

dolomite areas ; but this isolation is superficial only, for there

is internal connection with the other serpentine portions.

Figure 5 affords another illustration of this tesselated struc-

ture. It represents a side of a thin plate (a fragment from a

large mass) about two-thirds of an inch square and an eighth

of an inch thick. The upper, and under, and middle portions

are serpentine, and between lie enclosed blocks or layers of

dolomite. The lines over the surfaces in the figures represent

lines of cleavage, but only those that were externally very dis-

3. Origin of the Pseudomorphs.—This combination of two so

distinct minerals, one a hydrous silicate and the other a car-

bonate, in a common crystalline mass, having one system w
cleavage, is proof that, for one or both, the form is pseudo-
morphous. That both are so, is made manifest by the struc-

ture of the minerals.

In the first place, the serpentine shows itself to be pseudo-
morphous by the fact that the cleavage is not true cleavage, but
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merely a jointed structure; for the smaller blocks afforded by
it have no cleavage within, but instead, a wax-like, massive
structure ; and the unclea\ able plab - a it sometimes quite thick.

In true crystals every smallest grain has thi cleavage structure

as truly as the entire crystal, cleavage belonging to all possible

planes in its direction : and, therefore, absence of the cleavage
in any part indicates absence of crystalline structure. In
some parts of the specimens the cubic cleavage-lines are dis-

tinct, i
.'/; ./// •: .

, I r,t , .tU ver, the blocks that seemed to be

marked out being all solidly united into an uncleavable mass.

It is evident, from the above, that this is not serpentine crys-

- i q cubic forms, and, therefore, a new mineral species.

It is simply common serpentine, which has somehow become
possessed of a form foreign to it.

Secondly, the cubic cleavages of the dolomite are only joints

or divisional plaues in rectangular directions. The demon-
stration of this is found not only in the failure of the cubic

cleavage in the interior of the blocks or slices of it. but also in

Hit fj/sttnre in tin .-nm> oi the rLmuhnliflw, vharmj? of ordinary

dolomite in all its perfection. The oblique lines d, d, d, on fig-

ure 4 are due to the existence of this cleavage ; and in the

blocks the cleavage may be obtained indefinitely, precisely as

in common mite. Again, portions of one of

the masses have sometimes no ol< diedraL

The dolomite is, therefore, ordinary rhombohedrcd dolomite.

Here, then, dolomite and serpentine have together received

cubic divisional planes in some~way independent of their own
powers of crystallization. They have derived it, moreover,

from the alteration of one and the same crystallized mineral.

What the a is not taught us by any thing

now occurring at the iron mine. It must have had, not only

easy rectangular cleavages, but an open cleavage structure, that

is, cleavage-joints, such as exist in galenite ; for these cleavage-

joints are the divisional planes or joints that are retained in the

pseudomorph.
As crystallized galenite (sulphide of lead

|

and also cleavage-joints, it is a question whether this was not

the original mineral in the case , [this p<.-ud..m.»n>li.
_

But the

change of a sulphide of lead to dolomite or serpentine. >r its

removal and the concurrent substitution of these mineral.-, is

hardly supposable.

Anhydrite (anhydrous sulphate of lime), although ortho-

rhombic, has easy rectangular cleavages in three directions and
its masses have generally" rectangular fractures throughout, f

lowing planes of cleavage; so that it possibly might soir~*
:~

give cubic jointing toIts pseudomorphs. Moreover, tl

eral is occasionally found in veins of ore, as in the Ha
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in Sweden.
orthorhombic mineral are made up usually of tabular cleavable
masses, and never bave tbe perfect cubic regularity of divis-
ional planes found in these pseudomorphs.
Common salt has at times the cubicallv-jointed structure re-

quired for producing such pseudomorphs' But its presence in
an iron ore bed is improbable ; and, if present, it could
bWdly undergo a change to dolomite or serpentine and
retain its cleavage structure, on account of its easv solubility.

-bluonte (fluor spar) occurs in masses made up bf cubes; but
strictly and only cubes ; and its cleavage is octahedral.

I can make no other suggestions as to the original mineral,
lhis much is certain, that the species was isometric in crystal-
lization, and had easy cubic cleavage; and its
masses had numerous cleavage-joints.
Whatever the mineral, it underwent two kinds of pseudo-

™< >fj >hic changes. We note, first, that the two changes could not
have gone on together ; for two so different minerals could not
have been simultaneously formed in the same crystalline mass
from the same chemical solution. ><-c,mdh,. that (ho dolomite
must have been formed before the serpentine portion ; for the

e the faces perfectly smooth and
while those of dolomite, while verv even, always ap-

pear feintlj eroded, as seen under a lens.
"

Was part of the original crystalline mass first changed to
dolomite, and the rest subsequently to serpentine? Or, was
the whole mass first changed to dolomite, and afterward a part
of it changed to serpentine ?

The last supposition seems to be the most reasonable. The
change from the ordinal ei,] i,,d mim-ml to dolomite must have
gone forward through infiltration along the open cleavage-

id thus these cubic cleavage planes were imparted to
it The change of part of the dofomite (or of the whole in
some cases) to serpentine took place subsequentlv, bv the same
general method, and so the dolomite gave the latter its bor-
rowed cubic cleavage-joints.

Further, this change of the dolomite took place by rectangu-
ne such rectangular plate or block being changed

"jghout, when another adjoining separated only by
planes ot the cubic cleavage, remained unaffected. This pseu-

ism by blocks seems at first improbable
; vet the spe-

cimens prove it to be tplea of It are given
beyond, showing that it is a common method.

J. he question comes up: Could the chemical change
irom dolomite to serpentine have gone forward through an
cuicaime solution of silica, the magnesia having been derived
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from the dolomite ; or through a solution of a magnesia-silicate.

that is. of serpentine itself? The former supposition can not

be true. For if a block of dolomite had been changed to ser-

pentine in that way, it would have been changed also in dens-

ity, and therefore in size ; and the difference in size would have

been apparent In displacements throughout the pseudomorph-

ous mass. The fact is, all parts are fitted together as exactly

as if the whole were of one mineral. It follows then, if the

serpentine has displaced dolomite (instead of the original cubic

mineral), that the material introduced in solution to effect the

change was- not silica, but a magnesia-silicate. It follows also

that ! ) >;inie maeueua waters had the power of dissolving, and

bo removing the dolomite ; and that the infiltering magnesia-

silicate took the place of the dolomite as the removal went on;

it thus being a case of substitution and not of alteration.

If the first of the above suppositions is true, there was no

change of dolomite to serpentine, but only of the original cubic

mineral to each dolomite 'and serpentine—part to one, and then

the rest to the other ; and both must have been cases of substi-

tution or removal, in order that the blocks should fit together

with the exactness characterizing the pseudomorphs.

2. Hexagonal prisms, probably after Calcite.

The hexagonal prisms here referred to are terminated in

as I can "ascertain, the anule between the latter [/lanes is that

<>f ealeite. The prisms, several of which occur together in

groui.s, are half an inch to two-thirds in diameter, and one of

those examine,! U two inches in length. They consist mainly

of serpen tin fcfle dolomite. These large prisms

have a thick coating of serpentine, which externally is

smoothlv rounded and 'shining, lu ligure 1. two of \

of a group are shown partly de »& while a

thirdnas still the coat on. "This coat is a tenth to a sixth of

an inch through, and is transverselv semi-co miliar in structure.

Beneath this coating there is usually some incrusting white

dolomite, - structure: and the base of

one crystal is mainly dolomite, with some small pieces of mag-

The original mineral of these prisms was probably calcite

(carbonate of calcium), as the form is a common one of that

species. It is possible that dolomite may occur under such a

form; but so lar»e and long prisms of dolomite tr

t v.n anted have never been observed. Since the doloi

is now in the p.eudomorph- is una- -

grains instead of having the cleavage of a simple crystal, it is

not part of the original mineral.
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3. Hexagonal prism*, probably after Apatite.

These prisms occur imbedded in the cubic serpentine. They
are slender, being less than a line in diameter. By measure-

ment, they are regular hexagonal prisms ; and as apatite is one

of the occurring minerals of the mine, they are probably pseu-

dornorphs after that species.

Relations of the Cubic

(1.) In the specimen, a portion of which is represented in

fig. 1, the cubical portion rests upon the coating of the rhombo-

hedral portion ; and over a large part of the specimen the

former is easily separated, and leaves exposed the shining ^ir

face of the latter. Only in a small part are the two soldered

together. The prismatic pseudomorph in view has been ex-

posed by such a removal.
It is thus demonstrated that the group of large hexagonal

prisms preceded the existence of the cubical portion. We
hence discover that the following was the order of events.

1. The crystallization of a group of hexagonal prisms, prob-

ably of ealcite.

2. The change of these crystals to serpentine and partly to

dolomite.

3. The incrusting of these prisms, after this change, by ser-

pentine, making a coating over the whole, as shown in figure 1.

4. The deposition, over this coating, of a cubic mineral whose

masses had many cubic cleavage-joints.

5. The change of the cubic mineral to dolomite, !>

tion along the open cleavage joints, and hence with a retention

of many cubic cleavage surfaces.

6. The change of part of the dolomite, thus cubic in cleav-

age surfaces, to serpentine, through the infiltration along the

cleavage-joints of a solution of n,aL:iu-ia -i l \U>\ t , all- rat »u

affecting entire rectangular blocks >>v plates of the dolomite,

but leaving -• blocks or plates una flee tod.

While proving here that there were an earlier and a later era

of pseudomorphism, it is not proved that the suceessh e eras may
not have been comprised within a single epoch of pseudomor-

phism. They may have been successive events in a single

mouth or year.

(2.) With regard to the relations of the pseudornorphs to the

associated minerals, we note

:

In an olive-green specimen of the cubic serpentine there

are imbedded tabular crystals of chlorite (ripidolite), and also

large dodecahedral crystals of magnetite. Along with these

minerals occur the pseudornorphs after apatite.

This association proves either that the crystals of chlorite

and magnetite were formed at the time the original cubic min-
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eral was deposited : or that they were made during the change
of the cubic mineral to serpentine. The former may have been
the fact ; and yet there is no trace of alteration in the chlorite

crystals to show that they have passed through a time of ser-

pentine deposition.

4. Pseudomorphs after Chlorite.

The change of the crystallizations of ripidolite to serpentine,

in specimens from this" locality, was early observed, in all its

stages, by Professor Allen. Mr. Breidenbaugh, in his account
of the white serpentine, remarks that there is a gradual shading
in the color of the ripidolite from bright green to pure white,

and " in its texture from the foliation and transparency of the

unchanged mineral to the compactness and opacity of the serpen-

tine." Specimens are common. Some are crystals, white and
pearly, retaining the form of the ripidolite; others, aggregations

of whitish folia, from fissures half an inch to three inches in

width ; others, white, grayish or greenish divergent fibrous

masses, either large divergent groups, or stellated aggregations
;

and -others are structureless white or greenish serpentine.

Many of the specimens illustrate the progress of the change
from chlorite to serpentine. The surface of a half-changed

crystal is often marked with green and white, as represented

in figures 6 and 7, plate vi ; showing that, in the change, the

cleavage-joints were a barrier to its progress
;
portions of the

chlorite bounded by cleavage lines remaining still green, while

other portions outside and beneath are wholly changed, on the

principle illustrated in the cubic pseudomorphs. The green

plates in the figure have the angles 60° and 120°, and perfectly

even sides.

When the change to serpentine is complete, there is often

one or more of the outer folia on one side or another of the mass
that still has some of the color of the chlorite and removes all

doubt as to the origin of the foliated mass. But from these

there are gradations to other varieties, in which the foliaceous

or radiated structure is wholly lost.

The massive rr\.-^illme--T;uiular chlorite of the ore-bed also

occurs changed to' serpentine ; some of it retaining the granular

structure, and other
j

it The color is often

dark olive-green, while that of tb< ted masses

is white or pale green. This fact suggests that this massive

chlorite may be another species containing more iron. Breiden-

baugh found in a massive chlorite of the mine 9"62 per cent of

protoxide oi idolite crystal afforded only 5 29

per cent ; but his analysis leaves some doubt as to the nature

of the former species.

(To be continued.)



SU1ENTIFIC INTELLIGENCE.
I. Chemistry and Physics.

1. On the First Products of the Distillation of Benzol--It is

ation of benzol, a considerable por-
ti..n ot distillate come- over at temperatures below that at uhich
;»t.Miz.,] itself boils. Helbixg lias examined, in the laboratory of
Professor Erlenmeyer, a sample of this first distillate obtained
In .in .!. W cik-r & ('«... Cologne. It was a yellow, disarm:: I..Iv-

smelhng liquid ,,i .. «-<-ii'.- _'r:ixity 0-899 at 17'5°, becomi
on strong c.m'ih^. Klem< ntary analysis gave carbon 80-07,

6-71, sulphur 13-61 per cent, thus excluding metacetone
an.! all other oxygenated products. By careful fractionating in
Llmi "" ,:l! - ,, '» "^tu>, i-r iiu ..iitin in..nth, n.. li.jni. Is of absolutely
constant boding point could be obtained. The fractions ..brained
between 35° and 60° gave readily, when treated with alcoholic
(' t;i>! b

1

'

:.rl.(.iiatc; thus proving the pres-
ence of carl .on disulphide. The fractions between 60° and 75°
also afforded CS 2 . Bromine acted energetically on all the dis-
tillates. Finally, the largest portion of* the liquid collected- into
products boiling between 43° and 55°, and above 75°. On cooling

oed above 79°, it solidified completely; that
from 75 to 79° only partially. By repeating the cooling process,

obtained from <*00 of the crude product;
or about 51 per cent. Calculated from the sulphur in the elemen-

.

as, the amount oi m be about
16-28 per cent. The fractions which had come over between 18°

and 40 , were then subjected to fractional distillation and frac-
iii'.a! condensation; but in neither case could a product be
obtained free from CS2 . Treatment with alcoholic potash being
no more successful, the author gave up the attempt to is.. late the

-as such, and treat., 1 them with bromine, in order to

in into bromides. <Vin<r to the violence of the action

1 great .are; and the product, after washing with
--'!": hydrate solution and with distilled water, was

.

- llowish-red liquid of disagreeable odor. On
it m a current of steam a colorless strongly-refracting liquid first

ire CS2 ; then followed a heavy,

- -able sweetish odor; and finally
a few oily drops collected in the receiver, which solidified on cool-
m

r.
r
': ;t y (

'

! '<>«ish-white fatty mass. On analysis the fluid bro-

- i:i..n. d atrorded'numb. r^ ,-.-. .ii.J u ii h the formula
... <>r amylene bromide. The -olid bromide gave on

I |H 6Br4 . or that of crotonylene tetrabro-

-wise converted into bro 1 analyzed.
formula of hexvlene br nid. lldbing concludes

that the first runnings of the benzol still contain con-

A„At *mj
,!?

ne
'

le8S c™tonylene and still less hexylene.-
ann. ^nem. f/iarm., clxxii, 181, July, 1874. g. f. b.
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2. On the Preparation of Active Amyl alcohol—In studying
the cause of the anomaly presented by amyl chloride of rota'iing
to the left, as distinguished from the' iodide mid hn.mide. uddch
rotate to the right, 1,,: P.f.i, found that the amvl chloride obtained
by saturating the crude product of the di-tillat'iou of amvl alcohol

rectifying, was optically inactive." Assuming that this result was
due to the presence of yet undecomposed alcohol in the chloride,
it was treated, one portion with sulphuric acid to unite with and

chloride to convert this remaining alcohol into chloride. Upon
>u1.m,

, lu nt distillation, the two products obtained w< re both right-
handed, but the latter was much the more active. Hence the last

the more optically active; as also' must he the alcohol from which

ing i 5S to the left \v;i> ! :v„ l.h.ric

acid o-as, until nine-tenths of it had been removed as chloride.
TIh

, maining tenth rotated 4^-J', Wing :!-J nmr. t! in the leohol
obtained 'on Pastern 11a boiling point ,t tl s dcohol was 127

,

:ii d tl ir ot it- el 1. rid, >8\ i'la mthor itt i utes the von dif-

« nev wethoJ »f prer <m,tioi, <>/ SuhrtjUc Ac«f.~ Wish-
ivestigate nn 'acter of salylh acid,

l»y him se\eral y< ars ago to be an isomer of benzoic a* id

efore of great importance in chemical theory. Kos.m-: was
camine more fully tl synthetic modes of producing -ali-

i as a1 first

tus, there is for..!: late, also soduu

- •
.

•
.

.
. ,.

. .
;

• -
! •

.

';-

fabh the large mv, \n > ,_<!!» ial soda t < * ' vn

strength, so n i
' n ,>! I .Nm.oMij toNituiuti iris

. -. v. h ( h is s,, |i mi | I . n\ 1 t. is th. u In it' d in an oil

tort, to 10OC and dr. carbonic gas

* The manufacture of Bali ial scale by this process has
been undertaken by Dr. von
to work wit! i I r a year from
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is passed over it. The temperature rises to 180°, and then phenol
begins to distil over. The process is finished when the tempera-
ture has reached 220° to 250° and no more phenol comes off. The
oontenta of the retort when cool are dissolved in water, acidified
with hydrochloric acid, heated to expel phenol, filtered and allowed
to cool. Salicylic acid, in nearly the theoretical quantity, crystal-
lizes out. The same result is afforded by calcium and barium
phenylates; but the very curious result was observed by Kolb«
that potassium phenylate gave paraoxybenzoic acid when thus
treated

;
due apparently to the temperature.—J. pr. Ch., II, x,

89, July, 1874. G> F B>

4 VaniUiner-Ata, meeting of the Paris Academy of Sciences
.14, Dr. W. A. Hofmann announced that his two stu-

dents, MM Tiemann and Haarmann, who had obtained vanilliue
pie of the vanilla bean) from pine sap. propose
Bi distance on a large scale. The sap of a tree

of medium height gives vanilline to the value of 100 fr.
f
and the

wood is not injured by the extraction of the sap. This will be
the second vegetable product manufactured by p
methods.—MOure, Sept. 24.

6.
m

Mcpansio - / If' .-: /• hber.—M. Kohlkausch having seve-
ral times aol . :<s c\ose({ Dy stoppers of hard rub-
ber, burst, concluded that this substance must he ver\ dilatable.
This hypothesis was fully verified by experiment, for the expan-
sion of this body was found to be about three times that of zinc.
*rom his measures, the coefficient of dilatation for 1° between
10 -7 and 25°-3= -0000770, and between 25°-3 and 35° "4= -0000842.
ihus, not only has hard rubber a very great coefficient of dilata-
tion but the latter increases very rapidly with the temperature.

ihis remarkable property can be applied to the construction of
very delicate thermometers. Thus, with a small instrument, con-
sisting of two strips of rubber and ivory, 20 cms. long, glued to-

gether and fastened at one end, we obtain, at the other extremity,
a movement of several millimeters for a change of temperature of
one degree. The coefficient of hard robber is equal, at zero, to that
of mercury

; above, it is greater. We can, then, as a curiosity, con-
struct a mercury thermometer with a ivservoir of this substance,
whose changes will be the opposite of those of a common ther-
mometer, and which will till 1 with an increase of temperature.—

A a'-

IV
^ CXClX

'
3U

;
P°M' Ami

-> CX11X
>
5"- E

' °- P-

b. Air Pressure required to sound v<tro»/.< Wnd lustrum* M*.
—Dr. WH. Stone, in a paper before the Physical Society of
l^onaon describes some experiments on the wind pressure in the

QgB during performance on wind instruments. The first

experiment aimed simply at measuring, by a water gauge, the ex-
pire which could be supported by the muscles of the

lips, both of trained musicians and others.' About six feet of
water was the ordinary maximum when a small tube was inserted
between the lips. When the lips were supported by a capped
mouthpiece, as m brass instruments, a much greater pressure could
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be sustained, and the lip muscles invariably
the expiratory power of the thoraci

A second experiment consisted in introducing a small bent tube
into the angle of the mouth. nmiH ctcd with ;i flexible tube pass-
ing over the shoulder. It was found that most instruments
could be played as well with this addition as without it. It ob-
viously established a communication between the cavity of the
performer's mouth, and therefore of his thorax, and the pressure
gauge. T! - compiled from many observa-
tions on some of our

; i ins. The small tube
was inserted in his mouth, and he was directed to sound in suc-

became full and steady, the position of the water gauge wTas noted.
A fair • mezzo-forte " note was employed. Of course, by forcing
the wind and overblowing the instrument, a much greater pres-

sure could be obtained, but those given here were sufficient to

produce an average orchestral tone :

Oboe, lower notes, 9 inches, highest, 17 inches.

Clarinet, u 15 " "
8 "

Bassoon, " 12 " " 24 "

Horn, " 5 " "27 "

Cornet, " 10 " " 34 "

Trumpet, " 12 " " 33 "

Euphonium, " 3 " " 40 "

Bombardon, " 3 " " 36 "

It will be noticed that the

respects, differs from its kind]
of the pressures are small, not exceeding, or, indeed, atta

pressure of a fit of sneezing or of coughing. They are, therefore,

-

erroneously attributed to them.—Phil. May., xlviii, 114. k. c. p.

7. Forces caused by Evaporation from ^ Surface—Prof. ().

aper before the Royal Society, gii

planation of the observations of Prof. Crookes and others, that,

under certain ciroumstam-. s ! bodies appear to repel, and cold

ones to attract, other bodies. Prof. Reynolds claim- •

effects are the results of evaporation and condensation, and that

they are valuable evidence of the truth of the kinetic theory of

gases, viz., that gas consists of separate molecules, moving at

great velocities.

A light stem of gl a
by a silk thread in a glass tta-k. >«> thar the balls w. r

a level. Some water was then put in the flask, and boiled until

all the air was driven out of the flask, which was then corked and

?he flame of a lamp to one of the

pith-balls, it pice of me attracted the balL

If more than a very minute amount of air was present in the flask,

these effects were* masked by the formation of convection car-
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rendering it heavier than the other hall. The wet hall was then

more than ordinarily sensitive, while tin- other, which had become
dry, was nearly insensihle to heat. On removing the air, and so

much of the vapor that the pressure was less than that due to the

temperature, the halls ln-eatm Iry, and were no longer sensitive

to the lamp, although still affected by the ice. When no vapor

was present, the convection currents reigned Bupreme, even wfth

very small pressures.

These experiments seem to show that evaporation from a sur-

face is attended with a force tending to drive the surface hack,

and condensation with a force tending to draw the surface for-

ward. According to t
l hi tie or; uu-es, during e \ adora-

tion the particles are shot off from the surface, and, since action

and reaction are equal, they will produce a corresponding pressure

hack on the surface, corresponding to the force producing the re-

coil of a gun. In the same way, during condensation, the
]
arti-

cles are stopped as by a target, and produce the effect of a pres-

sure. Each of these impulses will, however, be less than that due

the ordinarily impact of a particle, since the particle is, during

condensation^ simply stopped, while ordinarily it is first stopped

and then thrown with equal velocity in the opposite direction.

The pressure is, therefore, increased "during evaporation, and di-

minished hv condensation. In the case of water at on' tin evapo-

ration of 1 lb. would be sufficient to maintain a force of 65 lbs. for

In the case of mercury, this force will be only o h-,.

but the latent heat of mercury being only one-tlm ticth that ot

water, the same expenditure of 'heat would' maintain nearly three

times as great a force as in the case of water. In Prof. Crooke B

experiments the use of the Sprengel pump to produce a vacuum

seems to account for the presence of a condensable vapor.

—

Phil.

8. Index of Refrartion of Liquids.—MM. Terquem and Tkan-

nin propose a new method of determining the index of refraction

of liquids, based on total reflection. Asm;!
sides of glass is used to contain the liquid. In this are placed two

plates of glass cemented along the edges and free to turn

a measurable angle. The whole is placed between the collimator

and observing telescope of an optical circle. The image of the

slit being dif - are turned until to1 i

takes place, when rhe slit di-a, pears. Th n turning tin plates m
the opposite direction, a second measurement is obtained, and the

difference equa s twic th limiting angle of the liquid

to air. With common light a imagt turns i d hef.-n dis ppear-

ing, but with monochrome; • ''J t the disappearance '.- ahm-t in-

stantaneous and can be determined within a quarter <

lining hydrogen s



/

, Electrical Phenon

placed opposite each other, so that each point is opposite a hull.

An electric spark will pass through one or the other, according as

it is positive or negative.
The shorter end of the siphon dips in a vessel of water, and the

larger end is drawn out to a point, so that, owing to capillarity,

no water will flow. The water level may then be raised or lowered
by trial until it reaches such a height that the siphon throws out

diverging drops when connected with a positive source of elec-

tricity, and there is no now when the source is negative. The
opposite result takes place when the end of the siphon is placed

opposite the machine, the water being connected with the earth.

M. A. Roiti attempts to determine whether the electric current

is an ether current, by the fact that the velocity of light in a ii.piid

traversed by a current ought to be influenced by the direction of

the current* if their velocities are comparable. He employs an

arrangement lik the interferential lvfractometer of Arago, and
fluds that there is no sensible action.

—

II nuovo Cimento, ix, 97,

148
; Journ. des Phys., iii, 227. «• C. p.

10. Note on the view of Mallet as to the Fusion of Mttah ; by

Adolf Schmidt, of the '.Missouri Geological Survey. (Comniuni-

cated.i—ThI-T, L!!i:tlf..r>e].remherin. ill k a paper read by Mr.
R. Mallet, before the Royal Society, on the fus : '

!i of a "repellei -

ing this rather mysterious explanation, I recommend to all who
'

i doubt iii regard to this subject to make the following

solid ball ammeter cast

and filed off pretty smoothly. Have a ladle or vessel of at least

f cubic foot c.,. irv rilled u'it n hen- st-iron. If then you ia\

the cold cast-iron ball on the surface of the molten iron, you will

iron rod you can f. el the ball at the bottom of tiie lad

it about/ Br,;. after twentv or thirty seconds, the ball will sl-w-ly

risetothesu,
, , t tin bath md rem ii then It is thus evi-

dent that castdron ' ' 1S 1,° 1 - 1
/"•"'"'' -aid

denser than molten iron, but "that, as its temp ramre rises, the

solid iron expands, and becomes lighter and finally floats on the

molten iron. The latter fact d iron, when
at a high temperature, approaching it- melting point, is less

dense and lighter than molten iron, which fact again implies that



molten iron must undergo a rapid expansion in the n
solidification. The extent of this expansion is, howe
that of the subsequent contraction in cooling, so that
is again denser than the molten iron.
The error "

"

molten metal refers to the former when heated, while their d< termi-
nations of specific gravity of the solid metal are made with the
metal when cold. But my experiment, as ahove described, shows
that this cold metal, which has the highest specific gravitv,
does not float, and the heated met: - undouht-
edly a smaller specific gravity. There is certai j (thing either
incongruous or wonderful in all this, and nothing thai would
require or justify tin- assumption of a '• repellent force." None of

- experiments, as far as they are mentioned in the
"Journal," [trove anything against the 'temporary expansion of
certain metals in the moment of solidifieuti ,. an ! all the observa-
tions I made on this point in foundries verify it.

Washington University, St. Louis, Mo., September 21st, 1874.

II. Geology and Natural History.

s on the Geology of Costa Eic
ving letter was recently receiv

has been at work exploring in Costa Uica during the vear' past.

His labors are bringing much that is new to light over a region
of which little is geologically known. We trust that they may
be continued until the resources. re of the

country are thoroughly investigat;e r fitted than
Mr. Gabb for the work.-j. d. i>.]

San Jose, Costa Bica, Aug. 10, 1874.

I have just returned from my last trip into the wilderness of

Talamanca, and am now winding up the work in the shape of re-

ports, maps, etc. The close of the survey, in fact the List half,

found me the only representative of the original corps. Not only
all of my first assistants, but in some cases two relays of substi-

tutes, gave out and retired, with health seriously injured. One
man, now a year in a healthy climate and in the doctor's hands,
is not well yet. Fortunately, I lost no lives, and, so far as I my-
self am concerned, neither my life nor my spleen is injured, and
except being a little lighter in weight I am as good as new, and
ready to go into the field again as soon as my report is finished
and my money paid!
We were about four months away on my last journey, and

while our hardships were neither few nor trivial, our scientific re-

sults were satisfactory.

We reached the summit of Pico Blanco June 13, and spent three
hours on the summit. Without having at hand the tables for

going into the calculations for corrections, etc., the barometric re-

sults are approximately 10,200 feet. This is 1 ,500 feet lower than
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the formerly received opinion. Where this originated I cannot
learn. From the flank of Pico Blanco I made a rude leveling
across to the summit of the " U-jum," mentioned in my last letter,

and got its approximate height—about 9,600 feet. The other i roe,

mentioned on the strength of reports of the Indians, and which I
had not seen, is 200 to 300 feet lower.

I find that " U-jum " means in the native language a bold peak,
and is a generic term, ft is applied by the people equally to the
summit of " Kamuk " (Pico Blanco). For distinction, therefore,
I propose to retain for the last named its Spanish name; for that
at the head of the Coer we might accept the word U-jum, more
specially since I have already used it in a specific sense; while
tor tin- intermediate peak, at the head of the rid<ie between the
Liiri and its tributary, the Dipari, I suggest the name of 3It.

Lyon, in honor of my 'friend Mr. J. H. Lyon, the only white man
in Talamanca, and without whose active sympathy and unremit-
ting exertions our expedition could not but have been a failure.

To estimate Pico Blanco, I give you the data,

Its geography has been misstated by some writers, who have
placed it <>n a -pur of the Cordillera. It is distinctly in the center
line of the main chain, the waters failii _ rapid!; from it toward
the two oceans. In this connection we have robbed Iraza, the
">how mountain" ofCosta Rica, of one of its chief glories. Every-
body who comes to the country rides up to the crater on mule
back and then writes a book about hi- achievement, not omitting

:"

both oceans at once.
From even as low as 600 feet below the summit of Blanco we

saw at a glance thirty miles of the Atlantic, and all of forty of the
* lear Greytown

erased from

wide]) the Iraza (or volcano of Cartago) people gel

Geologically, Pico Blanco must henceforward
the list of volcanos. It is the culminating point of a granite in-

trusion from below Miocene n-ck>. I su\ intru-ion. after due
weighing of probabilities as to Azoic core, which I know v

space nere to enter mi
ie dwelt on now. Not a pebble of t

jonodomerates !

derail-

syenite has yet been found by
While I say it is not a volcano, yet there is a larg<

volcanic rock forming the apex. It is. however, only a dike, laid

bare by denudation, and does not extend 300 feet below the sum-
mit. Hundreds of similar dikes are found all through the hills,

but have to be looked foi >ur u ling < umst <-notha\ing
been so favorable for bringing them into view. Besides, there is

not the slio-hre-t trace of a crater f <nn. either entire or in part.

The top is bit at the

west end, a trifle higher than the other part.

am. Jour. Sot.-Third Series, Vol. VIII, No. 47,-Nov., 1874
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I do not know what to say of U-jum and Mt Lyon. Like
Blanco, the last few hundred feet of their summits are l.are of for-

est. On the mountain visited this is iv|.lace<l by a growth of
sage, furze, heather, mos?, fern, whortleberries of a light n-it-lish

brown color, etc. The tires, smoke, etc., reported at times may
result from the burning of this vegetation, but they certainly do
look volcanic at a few miles distance.
One day, when the sky overhead was clear, I heard thunder

from a distant storm; at least, so I believe it to have been. But
two_ or three of my Indians exclaimed .it once "U-jum oruna"
U-jum is angry). There is no active volcano in their country or

:r ken, if U-jum is not one, and how could they know of
volcanic rumblings except by some such experience? I must
hold my opinion in abeyance until good fortune enables me to

visit one or both of these interesting peaks.
But my sheet is nearly full, and I have left much unsaid. We

have now full notes for a thorough topographical map of the
region. I have all of the geology and large collections in zoology,
and more than anybody else will probably ever get in ethnology.

of Metamorphic Silurian Rucks'i»

(From a letter

:• 1-th, 1874.)—
North Carolina, from which I have just

returned, I determined the metamorphic rocks of the southwestern
corner of that State and of the adjoining part of Georgia to he

My of Silurian age. 1 did not go east of Franklin;
but, so far, they are all Lmrer Silurian. The crystalline marbles
of Murphy and vicinity—white, black and flesh-colored—which
are partly siliceous and indos.. a rich bed (?) of gold-bearing
quartz, are the precise equivalent of our Knox limestones of

Quebec Group age, tin. . san the equivalent beds
in Kast Tennessee. Like their unaltered equivalents in the (Treat

Valley, they are accompanied by heavy beds of brown hematite
of the best quality. They are accompanied by heavy beds of

agalmatolite and itacolumite, and as these rocks are said to also

nes of Gainesville, (la., on the south side of

the Blue Ridge, I suspect that the- larr. r will prove to be of
the same age.

3. Abstract of a paper on the Trap Rocks of the Connecticut
TV/,-., ; by E. S. D.vxa. (Kcad before the American Association
at the Hartford Meeting. Aug. 1^74.)—This paper was a report of

some preliminary results obtained in a series of investmatf " '

"

bein- carri.M on by K. S. Dana and (I. \Y. Ilawes.
The trap belongs to an extensive -erics of fissure erupt i

nected with the Mi-snzoic sandstone, not only of the Con
'*!!< y out ;.i f Nova Scotia, Xew .lerse'v IVnnsvlva

'Una. These dikes of trap, however, are now
played to such extent and in -e, h n imb< rs as in our vici

mapped with a marvelous degree of accuracy and minuteness by
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The trap rock, microscopically investigated, shows throughout
i crysiailine texture. It is made up <>| pyr..\« ne, labradorite and
magnetite, with also occasionally s c chrysolite and apatite.
Chlorite is often present as the result of local 'change. The pyrox-
ene sometimes, in coarse varieties, runs off into long-bladed prisms,
s"inew}iai i .;. which name lias in consequence
often been given to it. The pyroxene is the first constituent to
suner i'ruin surface alteration. The magnetite is commonly in
irregular masses, but sometimes shows curious and beautiful arbo-
rescent crystallized forms, frequently observed elsewhere in similar
rocks. It is interesting to observe that these peculiar dendritic
forms are confined, as far as now observed, to the more hydrous

\[[
the nap rocks, although future study may not contiriii this.

-par shows before the mienscope its iridium character;
»»d an analysis of the rock bv 31r. llawes proves that it has the
c^iii position of labradorite. This analysis gives for the rock ex-
actly the composition of a dolerite, and it must receive this name,
as it has generally done hitherto, though in this we go counter to
foreign usage, according to which dolerite is a younger rock, not
nl, ler than the Tertiary.'" it is important to observe that the rock,
as it contains no hornblende, is not diorite, though that name has
also been given to it.

Turning, however, from what maybe called the normal rock,

f"
r

' xamj
\ v . that analyzed by Mr. llawes just referred to, contain-

erable amount; and here the microscope comes to our assistance,

possible to extend our observations over a wide range

We find that the trap which has come up Mr.,?///// tin older n*y.<-

ia most of all tree from hydrous minerals, or any evi-

dence of alteration, its grains having a fresh, vitreous look on the
fracture. This is also Trt

ige, which adj
:

" *

st Rock near

West Rock
>gioi

iardi

omthe West R - the r'-' * eiystallii

cks, and that from East Rock near New Haven, a little more 1

e eastward.

lg
lustre and hardness, and is oiu-n amve-daloidal. ' The change is

r. The rock from the Saltonstall ridge.

i 5 per cent of water. This trap is

throughout more or less green under the microscope, containing a

chlorite, sometimes in plates and seemingly made at the expense
of the pyroxene, sometimes in cavities, tlms< last often entirely

invisible "to the unaided eye. This general character belongs to

the trap more or less d c'nh diy ir 'in Ka<t ft iven north, following
the caster.! ran- octown Mountain ;

it is also true of a large porti-n of the Merideii range and its con-

In additk _ ..
whi(h ina':< -, u -, .u,^t of tt,e great ti-lg-- Id.
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map, we find also another variety quite different ; this is light green
in color, soft, very hydrous, and has its feldspar as well as pyrox-
ene very much altered. It is most characterized by its amygda-

K-ture, the cavities being very numerous, filled with cal-
tiorite or quartz, and sometimes with d.atolite or anaelite.
ties are also sometimes in part filled, curiously enough,

with bitumen
; this is true of some dikes west of Hartford. This

id, moreover, is found in a series of low, subordinate
ridges parallel to or concentric with some of the most prominent

The fact, just alluded to, that the amygdaloidal and massive
trap occur in the same dike, seems to shut out the id. -a that the>e
subordinate ridges are different in age from those adjoining. If
we accept the idea suggested by Prof. Dana in a recent article, that
the moisture in igneous rocks found access to them while they
were in process of eruption, we may regard all these as results of

n .ught in what originally was essentially the same ma-
a! e:iu<.-< in introducing moisture. In accordance with

trap inter* cting th< . t vst J line rocks is anhydrous,
it of the interior of the sandstone region, where alone

subterranean streams of waters were possible, are more or less

hydrous. But I leave the subject here, since until many more
tact* have been collected and the work of the microscope has been
supplemented by that of the laboratory under the hands of Mr.
Hawes, any defi

| be unsafe.
In a few individual cases the Triassic trap from Nova Scotia,

New Jersey, Pennsylvania, and North Carolina has been examined,
and as far as microscopic structun .no th, rock from these dis-

tant points is hardly to be distinguished from the trap of the
* Valley.

4. Wood Tin in Georgia ; by William P. Blake. (From a
communication to one of the editors.)—In 1860, while examining
a series of specimens of the residual black sand from the sluices

©Meeting gold in North Carolina and Georgia, I found
uite grains of wood tin in the sand from the Nacoochee

Valley, White County, Georgia. Although it occurs sparingly, the
fact that it exists is worthy of record, as it may possibly be traced
to larger deposits. I have examined sand from a great number of

Hties, southwestward from Rutherfordtou in North (a ro-

ut finding any traces of tin. The usual minerals of the
ad" about Dahlonega. G iron, mag-

rile, cyanite and garnet. At the Walton
Branch, in North Carolina, o.run.lui.i. zircon and monazite are
abundant, with the ordinary mixtures of iron minerals, and
xenotime occurs in minute crystals, but no tin ore was found.

5. Das Erdbehex von Flerzor/mrath o„, .1 Ortnh,-,; 1-7-:. Ein
'reologie ; A. von Lasaulx. Bonn, 1874.

pp. 157, with several plates.—During the autumn of 1873 the
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neighborhood of Aachen (Aix la Chapelle) was the center of a

series of earthquake shocks, which continued from September -.'stli

to December 2d ; the most violent and extended of them, however,
took place on the 22d of October. This earthquake has been the

subject of minute and careful study by v. I.asaulx, and all directly

or indirectly interested in such matter- will find his pamphlet of

great interest. After giving all the observations made at different

places, he discusses the general character of the earthquake, that

is, its intensity and extent, duration, and direction, with the

accompany phenomena of sound, etc. lie determines also, by
careful calculation-, the exact superficial center of the action, .-

1

1

m I

also the center in the earth's interior from whence it went out. and

its velocity of propagation (360 meters per second). His conclu-

sion upon the second point is important and interesting, he says :

the center of propagation | Ausgangspunkt der Krschiitterung] did

not lie at a depth so great that the direct cause of the first

impulse could have been on the limiting zone between the tluid

interior of the earth and the solid crust, nor could it have been in

any immediate connection with this; on the contrary, this oner
must have been in the region of the older sedimentary rocks. He
adds that it is not improbable that it was connected with the

making of cracks and fissures in the earth's crust.

The seismometer, or soismochronograph, is a little instrument

devised by the author for registering the time of earth ike

shocks. It is intended to be attached to the reliable clocks to be

found in telegraph offices and places of that kind, and acts by
means of a little lev. r « hi. h falls, stopping the pendulum, at the

moment of the shock. This is effected by means of a metal ball,

which is dislodged from its delicate resting-place and sets free a

spring, which in turn acts upon the lever. The direction of the

shock is also approximateiv recorded. The author justly^ urges

that, with some such apparatus in general use, our observations of

the time of earthquake phenomena would be much more numerous

and trustworthy. K - *; "•

6. Miner- -", (jes<nu>i<elt ran (,. 1

'

s<ln r-

mak. Heft n,' I s;+. Vienna. 77 pp.—Prof. Tschermak i- per-

ft.rmiiiT a <«reat service to all mineralogists in collecting and
tges of the successive

numbers of " Director of the

Hovai Mi. ei i o._d, A Mu* urn i \ i una—a city well kn-.M
;

i. r

its scientific aet'ivitv— s'i\ * - him esp. cia! advantages for obtaining

valuable contributions^ This :

y m con-

nection with the Jahrbuch der k. k geoL Reichsansta

it is also pu H'- It is now in its fourth year,

and as the only journal devoted exclusively t.

already holds a* high place among scientific serials,

number received is the second issued for 1874, and contains the

following papers

:

Simple crystals of \ .eeberg, by J. Kumpf

;

Morphological study on Atacamite, by Edward S. Dana (New
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Haven); On the occurrence of native Iron in a dike of Basalt at

Ovifak in Greenland, by G. Nauekhoff ; Monograph on Roselite,

by A. Schrauf; On Clinochlore, by A. Schrauf; On the occur-

rence of Meteorites at Ovifak, Greenland, by G. Tschennak:
Analyses of Feldspar, Chinochlore (from Chester county, Pemi.),

.Ma-m -ia-mica, Mispickel crystals, etc., from the labonuorv »>i'

Prof. Ludwig; also short notices of Glauberite from Sicily, of

Stalagmites 'from the Adelsberg Grotto, and of a new and inter-

esting twin [drilling) of Calcite.

7. Ih-'script ion <l b> Formation Carbonifere de la Scan i< ; par

E. Kiiv.ianx. -Stockholm, 1873. 84 pp. 4to.—This is an abridged

5 beds, probably over 150 meters

. _ den PhonoUthgextcinen Bohe-

mens; Dr. E. Bokicky. Prague, 1874. pp. 93, with two colored

plates.—The contributions .»f Dr. Boricky upon the ba-

of Bohemia have already been noticed in this Journal This

pamphlet upon the phonolytes is of the same character, and is

marked by the same care "aid minuteness of description. The

its will be of great help to those studying the

9. Descriptions of the MoUusks <f flu Tertiary of Viednnmt

and „f Ligaria : by L. Bei.i. u;i>i.— Volume xxvii of

of the Turin Academy, published in 1873, contains Part I. of this

memoir. It occupies pages 33 to 294, and is illustrated by 1«

beautiful and well crowded lithographic plates. The speeies in-

clude the Cephalopods, Pteropods, and Heteropods, and the Gas-

teropods of the families Muricidae and Tritonidie.

10. Beskrifn :,,y ifr, r IUsit r-> ckst> in.s kron-ohtoyrafi o< h Hf"-

typografi anrii,,,!., ',-;./ fry.-kniny.n af y-nh.yis'. <>/,;<< 'gt*i. '/ f
'[

'f'-rr Sf,:hn. nmhhhid af Al.O KII \«> \"
I mljTX KM .

— N ' -

charts are more admirably colored than those of Sweden. 'I his

paper, giving an account of the method, ami repres*

colorl plate the mixtures of colors for producing 200

shades of color, is of the highest interest to the geologists of this

country, and all workers in~ehromolithography.
11. Das Eththalyhiry in Sachsen von Dr. H. B. Gkimtz:

ITheil, 7 Lief-rung.— L hi- new number contains eight new litho-

graphic plates, 53 to 60 inclusive, of Gasteropods from the Lower
Quader or Middle Cretaceous, representing more than a hundred

12. Geological Surrey of Georgia.—A survey of the State
_

oi

Georgia is in progn ss im 1 r the dire -tion of Professr Little, with

Mer-rs. McCutchen and Schley :
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cultivate
1 plants of s„,-r>i<-fii,fa flava we have found the waterv

secretion bedewing the inside of closed pitchers nearly readv to
"pen. gathering into drops, and trickling toward the bottom of the
cavity

;
we proceed to Nepenthes, the pitcher-plants of the oriental

tropics and of hot houses, of which Dr. Hooker has made a special
study. Time has not yet been secured for the completion of the
investigations

; but Dr. Hooker has made out the following capi-

tal points
: l. The rim of the Nepenthes pitchers in all the species

examined "secretes honey," a lure to insects, etc.; so also -Iocs the
under side of the lid when this remains overhanging, but not in

those species with lid everted. In the latter, honey on the lid

would tend to allure insects away from the pitcher instead of into
it. 2. Below the rim is a very smooth, opaque surface, affording
no foothold to insects, and producing no secretion. 3. "Below
this zone the interior of the pitcher is entirely occupied bv the secre-

tive surface, consisting of a cellular floor crowded with spherical
glands in inconceivable numbers. Each gland precisely resembles
a honey-gland of the lid. and is contained in a pocket of the same
nature, but semicircular, with the mouth downward, so that the
secreted fluid all falls to the bottom of the pit. her. In Xij,e»thes

Raffiesinna 3,000 of the glands occur on a square inch of surface,

and upward of a million in an ordinary-sized pitcher. I have as-

certained that, as was indeed to be expected, they secrete the
fluid which is contained in the bottom of the pitcher before this

opens, and that the fluid is always acid/' 4. A further seen-
""»' "I tins fluid is , veiled by supplying the pitcher with animal
matter. "When the fluid is emptied out of a fully formed pitcher
that has not received any animal matter, it forms again, but in

comparatively very small quantity I do not find that

placing inorganic 'sulotnnces in "the fluid causes .„, increased se-

civtion
; but I have twice observed a considerable increase in

pitchers after putting animal matter in the fluid." 5. This fluid

! matter..
^
Treated, with " white of egg,

evident, in some surprising. After twentv-lour hours' imnier>ioii.

the edges of cubes of white of egg are eaten away and the sur-

faces gelatinized. Fragments of meat are rapidly reduced, and
pieces of fibrine weighing several grains dissolve and totally dis-

appear in two or three days. With cartilage the action is most
remarkable of all : lumps of this weighing eight and ten grains are

half gelatinized in twenty-four hour., and in rhr. e ,1a vs the mass
is greatly diminished and reduced to a clear, transpare

rom pitchers and placed in glass tubes,

of JV. ampidlaria placed in a co

followed after six days' immersion of cartilage or fibrine in pitchers
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;ed by the pitcher after the recep'

ns 01 plan
compares the phenomena he has been considering with the nour-
ishment which the embryo of albuminous seeds, when germinating,
draws from the deposit which surrounds or is in contact with it.

referring also to Van Tieghem's experiments, in which an artiri-

iliion was successfully substituted for the real endosperm.
The analogy i> hardly good ; all plants and all organs use organ-
lzed matter in their formation and are wholly made of it ; the

wth of an embryo, a bud or shoot, and of a cell, are alike in

_. The difference is that they feed upon vegetable, not upon
animal matter; upon matter assimilated l>y the plant itself, not
upon matter further assimilated by an animal. Nor is the real

I in the comparison with parasitic plants, e\ en

"flowering plant> that pax through their lives without ever doing
a stroke of the work that green pfauts do." It is found, however,
in parasitic plants of a lower grade which feed directly upon ani-

mals or animal matter, living or dead ;—from which point of view
these higher carnivorous plants under consideration may not only
'•find their place as one more link in the continuity of nature,"

and be thought to have done so through gradations such as Dr.

Hooker suggests, but they may also be conceived as cases of far-

reaching atavism.
As these subjects become matters of popular interest, the gross-

est inl-apprebensions and mis-statements must be expected. In

England, the Graphic leads off with a well-executed page of wood-
cuts, swarminu with tlies and hornets, some of which are busy
about the mo tl <>j , \. . d< ~> ript Surra -enia, having a curiously

lohed or sc.,llop t ,l lid. The letter-pressdescril.es Y.r ,.tl.. * and

Cephalotus as having " lids which shut down upon their victims,"

while Durlhujtonia "curls its leaf around them," and so on.

17. Linnean Society of London—-Upon
Bentham, after twelve or thirteen years of most emciem »ervie«

Prof. Allmann, of Edinburgh, was elected president at the las

anniversarv meeting, the zoologists taking their regular tun
The choice is a happy one. It is to be hoped that the new pres

the am

commodic
ntiated and n i

: society is «

• bv Gover

. ...lington House, the apartments of late tempo-

rarily o. the Royal Society. One of the

Fellows is now appointed to take charge "of the p id .':• ati >n • f the

Journal of the Linnean Society, the editorial care o-:

mainly devolved upon the late president. Some chang

by-laws which seem to have been required in order to secure re-

sponsible editorship, and which were adopted upon the recom-

mendation of the council, were yet contested in a manner which
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caused the society to take legal advice upon the matter. The
award of Lord Hatherley, now published, affirms the validity of

the new enactment, and so settles, it is to be hoped I'm

satisfactorily, a controversy which, being wholly of a donatio
nature, had better not have been referred to in the scientific y-uv-

18. Restored Professorship of Botany at theJardin des Plantes,

Paris.—One of the 'three chairs',,!' liotmiy at tiwJardin des Plant**,

namely, the one long occupied by the Jussieus. was snppp wd
alter the death of A<1rim d, ./-*,;* „, in is.",:;, and a chair ot pale-

ontology established instead. Thanks to the exertion- of (\<unt

Jaubert. this botanical chair lias been reconstituted, and M. Bureau

has been named to till it. M. Maxime ( 'orau succeeds M. Bureau as

'fid,-),att'r<distr. The reorganized laboratory of instruction at the

Garden, under the charge of these two active botanists, has been

• ii most successful operation during the past season. a. g.

III. Astronomy.

On the Spectrum >,/ (%nj(ji,i\^ <',,,,< t ; h

point noticed in this communication was
et were so far shifted as to indicate—si

y Dr. Hi

carbon in the comet—that the relative n

el^Xlwe^^W a, c!!
'«;

Meteoric Iron of Iquique, in Peru; by Gustaf Rosb.-
i paper was left completed but unpublished by its eminent B*

', and has now been included in the volume issued l>y th

'sellschaft Naturforschender Freunde der Berlin" as the " Fes1

ift" of its recent Centennial meeting. This mass of meteori

originally weighed twenty-five pounds. The part in th

"versity weighs tv

" I(lu .

lary of the l'ampa of Tani.aruv.uL Kaimondi,

ent\ pounas. it w;

eagues to the east of the village of Iquique near the

i\ obtained for the specific -ravitv 1 >

s:- l.v Kammelsberg, 2*66 per
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Nickel Phosphorus Insol. in H'Cl
0-37 0-05 0-07 =2

nsoluble part was found

lH'.ri, 14-3 7, 12-38 of ni

3. Meteorites.—A me
on tin- 20th of Mav las)

IV. Miscellaneous Scientific Intelligence.

1. American Meteorology.—Mr. L. Blodget, in a paper pub-
lished in the Proceedings of the American Philosophical Society.
vol. xiv, at p. 150, after alluding to the fact that an easterly

lm.v.-nient in the genera! circulation of the wind has Veil made
certain by observations on Tike's Peak and Mt. Washington, pro-

ceeds to mention facts that establish another point in meteorology

:

—-that the extremes of cold observed at times, especially over the

along the surface, but were produced where they occur, '• as if

brought down from the upper atmosphere, or as if the result of
the aetion of causes extraneous to the earth*- atmosphere." He
(•"iiclndes that the greater number of wind- in cdd weather par-

ticularly are winds that descend, and that to this de-cent most of

tliei^contiuued force is due. In the course of his paper he says:

fr';iu "which rain and -now fall". All along the belt of westerly

1

I older m nth- Moving with -tan m tion t.-u I

t'ide of tin- condition, tlnit the descending mass siimild, at inter-

vals, be poured, like a mass of cold water, over the border of the

numid belt, producing the extremes that so often appear to strike

''""•» from ,,!,<,,;." * * *

ii.. -i -hire si i, . mm it 1 .- the course of

traversing the continent.
1

its northern border is perpetually in-

vaded by fitfn alternations »t lisj ement ; sometimes getting

calm and intense! \ cold, reducing the teiuperatun in winter to

10°, 20° or 30° F. below zero: and in spring, when the general
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accession of heat gives a more free play of the forces, a frequent
recurrence of heavy northwest dry winds pouredfrom above, and
from the a condensing the local or surface
atmosphere

; and this overflow is almost constantly repeated until
the whole system of circulation has been swept beyond our limits;

at the north, by the advance of summer. During most of the
summer months the ratifying and expanding forces prevail so
completely, as to remove all these phenomena far to the north, or
possibly to another hemisphere."

2. Prelimin'ir;/ Map of Central Colorado, showing the region
surveyed in 1873; pri a by J. T. Gardner;
topography by G. R. Bkchler, H. Gannett and A. D. Wilson.
TJ. S. Geo!, and Geogr. Survey of the Territories, F. V. Havdkx,
IT. S. Geologist in charge. Department of the Interior.—This map,
with the accompanying sketch showing the triangulation, contains.

besides the positions of rivers and settlements, the locations of a
very large number of heights, the elevation above the sea level of
many of them, the lines used in the primary and secondary trian-

gulatiou and the positions that were occupied for the survey.
The mountain ranges include the following: (|.) The h'aJem or

!<, t l{ !lUge, in which stands Long's Peak, 14,271 feet hi<rh, and
Pike's Peak, 14,147 feet, about ninety miles apart. West'of this,

(2.) the Park Range, east of the head waters of the Arkansas,

-x Mt. Powell, 13,398 feet high, Mt. Lincoln, 14,296 feet,

and several other summits over 18,000 feel in height. (3.) Next,
west of the Arkansas, the Sawatch Range, in «
north, there are the Mountain of the Holy Cross, north of the head
waters of the Arkansas, near latitude 39 h° and the meridian of 106°,

14,170 feet high, Ma»ive Mt. 14. 20 feet. La

Plata Mt. 14,302 feet, Grizzly Peak 13,315 feet, Mt. Harvard,
14,383 feet, Mt. Yale, 14,151 feet, Mt. Princeton, 14,199 feet, Mt.

Antoro, 14,245 feet, Mt. Shavano ] 4,093 feet, Mt. Ouray, 14,043 feet,

the last near the parallel of 38.°; then the continuation south

southwestward in the Sangre de Christo Range, in which are

Hunt's Peak, 12,446 feet high, Mt. Rito Alto, 12,989 feet, Mt.

Crestoner, 14,233 feet, the last near the parallel of 38° on the

meridian of 105i°. (4.) Still farther west. crossing the meridian
of 1"7° near the parallel of 39°, the //// Mountains, containing,
beginning at the north in latitude 39° 15', and longitude lo7° 10,

Sopris Peak, 12,972 feet high, < i feet, Snow
Mass Mr. im,<k;1 feet, Maroon Mt. 14,000, Gothic Mt., on the me-
ridian of h>:\ 12.401 feet, Castle Peak, more to the east on the

• 39°, 14,106 feet, White Rock, 13,847, Crested Butte,

12.0 14 feet, Italia Peak, farther east, 13,491 feet. T
Mountains lie at the head of the San Juan and Grand Rivers, trib-

utaries of the Colorado. The map registers the results of a great

3. Tab,

Professor
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Vaud. Sol Nat., Nos. 70, 71, 72).—The tables, which are the
chief part of this important memoir, and must have cost the author
much labor, are arranged in columns, ami present the synonymy
and equivalency of the various subdivisions of the periods in

geology, with also the prominent localities in different countries,
and the characteristic fossils. They commence with the Quater-
nary, to which one sheet, of a pale yellow color, is devoted. The

sheet, of an ochre-yellow color, includes the I'lioeene and
head of f

subdh isious of which the i

under the he Neogen or Moiassic period, for

>f which the names of a score or
more of fossils are given, and in other columns, the localities and
synonymy of different countries. The third, of a 1. right yellow,
comprises the " Koeene or Nummulitic Period." The fourth, of a
green color, the Cretaceous, under which fourteen subdivisions or
stages are given ; and so on through the -cries to the first of the
Paleozoic. The tables will be found very convenient as a help
toward understanding the names of sub livisions u<ed in Europe,
•iiul also in many other ways.

4. Franz-Joseph Land.—The land discovered by the Austrian
Polar expedition under Lieut, YTeyprecht lies to the north of Nova
Zembla over the meridians 58° and 59° and between the parallels

of 80° 15' and 83°, the latter being the most northerly point ob-
served. It is stated to be about _> n. with
many fiords and numerous i-lands off the coast. It is mountain-
ous

: the elevation of the ridges averages 2,000 or 3,000 feet, and
the highest summit to the south, named Mr. Humboldt, is 5,000
feet above the sea. Glaciers were of great extent. The ridges
are dolomitic. Klk. hare-, and traces of foxes and bears were
found, and myriads of birds.

5. Observaciones Magneticas y Meteorological del (lolegio de
Helen de la <'<>,, r ,i ,/,/' ,1 J* -nit, en la Habana. Ano Meteoro-
logico de 187 2. Small folio. Habana. 1 -74.—The Meteorological
() b>. rvarory of the college of Helen is under the charge of Senor
Benito Vines, S. J. The observations recorded have evidently
'"''i madt with great care and fullness. They are presented in

tables for each month, with diagrams Rowing the changes for

the month under the heads: velocity of the wind, direction of the

"'iud. horizontal force, declinometer, hygrometric state, tension of

the vapor of \s ..• •
.

6. Table for Dibitinn <>f Alcohol—The following table, con-

structed by Berguier, gives the quantity of distilled water neces-

sary to reduce alcohol of a certain known percentage to any
desired lower degree of strength. Opposite the number repre-

senting fc] In the given sample are placed
the quantities of it, and of water, respectively, necessary to pro-

be! of the percentage indicated at the top of any column.
Thus, to obtain alcohol for 80° from that of 94°, the number 94 is

sought for in the first column, and opposite to it, under the col-

umn "Required Strength," "80°," the numbers 808 and 192 in-

' "
j the quantities, by weight, of alcohol of 94°, and



of distilled water necessary to produce 1,000 parts of alcohol at

80
3

. For the sake of convenience, the specific gravities of each
grade are given in a separate column.

eight, of alcohol of different degrees of concentra-

hw'er degree

l f Required Strength.

90° 80° 56°
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7. Tin-bearing country, Xew E>,,fbn„l, in X a- South Vfuhs,
Australia.—A report by the Licensed Surveyor, C. S. Wilkinson.
to the Surveyor General, dated July 14, 1873, contains the follow-
ing among its statements. The region described lies within a
radius ot' about twenty-live miles from Inversell to the south and
east, ii -. on Copt "> Crock. Middle ( 'reek

and Macintyre River. The rocks are granites, greenstone trap,
Carboniferous beds, Miocene, Pliocene and Quaternary.
The Quaternary includes drift deposits. On the Macintyre val-

ley the stratified' drift is in terraces of various heights above the
fiver. Rev. W. B. Clarke states that he has traced eome of this
drift at great heights above the valley for more than eighty mile-.

They are evidently the work of th I ing glacier
and those of the continued floods during the time of high latitude

depression of (in the northern hemisphere, at least) the Champlain

The Pliocene of the region includes extensive basaltic outflows.
The Tertiary abounds in stems and leaves of plants of the genera
Lauras, Cinnah.u.,„iu/», jhiphuogene, and others, which are re-

ferred to the Lower Mi c. tie, M'( oy finding some species closely

f Bonn.
The Carboniferous beds are of the same age with those of the

Stream tin is found in the Drift, and also in the Miocene ; and
valuable vei*i. of tin ore occur in the granite. The granite is

stated to be closely like that of Cornwall, and is pronounced of
Upper C '

The tin-mining region of Inversell is~but a small portion of the
stanniferous country of Newr South Wales and Queensland.

8. Tortoise* of M '

to those of the Gala-
}"<:•<>,, rh,<;s that ,/r- ofu-hf ut,t.)..„/,,•< t., ,,,,< u„,,ther.—Dr. A.
Gunther, in a memoir on "the Living and Extinct Races of

Gigantic Land-Tortoises," Parts I and II of which have been

published, states that there are remains of gigantic Tortoises on

Mauritius and the neighboring island of Rodriguez associated
with those of the Dodo and Solita *t the races

have only recently become extinct. They differ from other Tor-

toises of the region in having a flat cranium ; nd truncated beak,
and in this respect they have the greatest affinity with the tortoises

iting the Galapagos Archipelago. Dr. Gunther ob-

serves that the presence of these allied tortoises at points so

remote from one another can be accounted for only on the view
that >/,,,/,,,* ,. .,,.},.; /« ;,.,L<;, ,.,»i.-.—A.-'/i. -V-/y. Xat. Hist.,

xiv, 311, Oct., 1874.
9. The Jour „1 of th. Fr.mMi, Institute, Philadelphia.—The

August numht i ,,t d i- e\<- 1 - i r y urn i tali - i
; iper by Prof.

S. P. Langley, on the external aspects of the Sun,— its photo-

sphere and" spots, its chromosphere and corona, which is a valu-

able review of this whole subject, as viewed by a *-
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had himself made original observations on the subject. It is illus-

trated by a plate of one of the sun-spot-, which is as wonderfully
well executed as the spot is marvelous in itself.

This scientific monthly, devoted to physics and practical chein-

try, as well as mechanical science, is now edited by Prof. George
P. Barker (Professor of Physics in the University of Pennsylva-
nia), and could not be in better hands.

10. Transactions of the Wisconsin A-nJ. ,,,,,
<>f Sciences, Arts,

and Letters, M<nl-s<>iu Wisconsin; vol. ii, is:;:.* 254 pp., 8vo.—
Among the papers in this volume are the folio winu : |j. h-ving,

on some points in the geology of northern Wisconsin; P. R. Hoy,
on some peculiarities in the fauna near Racine; W. W. Daniels,

on the rapidity of the absorption of arsenic by the human liwr;
T. C. Chamberlin, on some evidences hearing upon the method of

the upheaval of the quartzites of Sauk and Columbia Counties,

and on fluctuations in the level of the same quartzites; R. Irving,

on the jam ;
;

•>. >f th. Pr i en-dial sail Istmi. - and Iluronian schists

in Wisconsin, and on the occurrence of gold and silver in quartz
from Clark County.

Dr. J. W. Hoyt, of Madison, is president of the Academy.
11. Cincinnati ^horrterh/ .Journal ,,/ Science.—The number for

October, the last of the first volume, contains descriptions of new
species of mollusks from the Cincinnati group by the Editor J. A.

Miller; a paper on other species from the same -roup by U. P.

James; aNo descriptions of new species of Lichenocrinus, Glyp-

tocrinus and B >/ •! hiu, l.< -1 d< - other papers of interest.

M. Et.ii: r-E Beaumont.—On the 24th of September died Elie

of September, 1705, lie entered the Polytechnic School in IS I ft, and

leaving it with the highest honors, entered the Ecole des Mines in

1821. He became Professor m the Pcole des Mines in 1S29, Pro-

fessor in the College de France in 1832, Engineer in Chief of Mines

in 1833, Inspector-General of Mines and Member of the Academy
of Sciences in 1835, its Perpetual Secretary in 1853 in place of

Arago, Senator in 1854, and Grand Officer of the Legion of Honor

if Ih>M-.\i.
fort, on the 8th of last July. A jeweler by trade, he yet found

time to devote to his favorite science of mineralogy, and though
entirely self-educated, he ranked among the foremost mineralo-

gists and crystallographers in Germany. His " Mineralogische
Xotizen,'

1

published in 1 I number.-, contain some of the most im-

portant contributions <
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Art. XXXV.—Review of von Seebach's Earthquake of March
6th, 1872, in Central Germany;* by Ben K. Emerson, Prof,
of Geology in Amherst College.

The Neapolitan Earthquake Report of Robert Mallet marks
an epoch in the history of earthquake investigation. Although
the view first casually advanced by Dr. Youngf and definitely
stated by Gray-Lussac4 that an earthquake is " a very strong
sonorous wave,'' had been elaborated twenty five years before
by Mallet himself in a Memoir on the Dynamics of Earth-
quakes,§ and by William Hopkins in his celebrated Report on
the Theories of Elevation and Earthquakes,! and although
methods for finding analytically the depth of the center of

disturbance from seismometric observations had been given in

both these papers, and later in Millet's Earthquake Reports, yet
the remark of Hopkins, that " the roughest approximation to

of the focus from which such vibrations proceed

very important geological element," re-

mained as true in 1872 as in 1847, when it was written. In
the quarter century which intervened between these two dates,

immense labor was bestowed upon earthquake-catalogues by
Mallet, Perrey and others, and upon the discussion of these to

determine geographical lines or areas of disturbance, periodicity
m relation to the seasons, the phases of the moon, &c. : and it

t
* £<t$ mtrtelbeutfe^e grbbeben »om 6. SKdrs, 1872. gin Settrag 5u fcer Se&re »on

ben grbbeben son Steal son @eeba<§.

t Lectures on Natural Philosophy, vol. i, p. 717, 1807.
I Anna! de Chim., vol. mi, p. 428.

§ Proc. R. I. Acad., vol. xvi, 1846. | Brit. Assoc. Rep., 1847.

Am. Jouk. Sci.—Thihd Semes, Vol. VIII. No. 48—Dec, 1874.

>?:



406 B. K. Emerson on Seebaetis Earthquake in Germany.

would seem that this source of information had been very
nearly exhausted, and that resort must be had to a purely

physical treatment of the subject. The Earthquake Reports of

Robert Mallet* had done much to render this possible, es-

pecially by perfecting the seismometer, by the beautiful mathe-
matical determination of the zone of greatest intensity, the the-

orem for finding the focus from the time of shock at three

points, and by elaborate series of experiments on the transit

velocity of elastic waves, produced by the explosion of gun-

powder, in loose sand and in both compact and jointed granite

at Killiny Bay,f and in quartzite and schist at the government
quarries at Holyhead, North Wales. £ It was eminently fitting

that he should write the first treatise on the principles of obser-

vational seismology, and give the first illustration of their use

in determining the elements of an earthquake : its true transit

velocity, wave velocity, depth of the " centrum," or region

where the impulse originated, the position of the '* epicentrum"

I know of no earlier attempts to determine any of these ele-

ments, except the early, verv imperfect ones, by Milne, of the

Lisbon earthquakes of 1755 and 1761 ;§ by Dr. B. Trask, of

that of Jan., 1857, in California;! and two by Julius Schmidt,

of the earthquake at St Goar on the Rhine,!" and that of

Yeterna hola in Hungary,** where by application of the calcu-

lus the velocity of transit on the earth's surface was determined.

The method employed by Mallet for the Neapolitan earth

quake of 1857ft was based on the fact that the principal

cracks found in buildings, walls, &c, would be normal to the

direction of the wave at the point where they were formed.

Lines drawn perpendicular to these planes would, therefore,

intersect in the focus or " centrum,'" assuming it to be a point,

or sphere of small diameter, and the azimuth of these lines

would intersect on the earth's surface at the " epicentrum," or

point directly over the focus, the inclination of these two sets

of lines to each other giving the angle of emersion for each

place of observation. Further, the angle of emersion thus

known, the velocity of vibration of the wave was obtained by
calculation from the distance to which bodies of known weight

* Brit. Assoc. Rep., 1850, '51 '52, '55, '58.

f Second Rep. of Earthquake Phenomena, Rep. Brit. Assoc, 1851.

X Account of experiments made at Holyhead to ascertain the transit velocity of

waves analogous to earthquake waves through local rock formations, Phil. Trans.,

1861, p. 655.

| This Jour., 1858, xxv? K.i.

Das Erdbeben von 29 Juli,
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were projected, or by the degree of resistance overcome in form-
ing cracks, as determined by separate experiments. The results
obtained by Schmidt and Mallet, together with the results of the
latter's experiments on transit velocity in various rocks, are
brought together below in comparison with the numbers ob-
tained by the method we are reviewing, the whole including
all the reliable numerical results for earthquake elements thus
far published.

The middle-German earthquake of the 6th of March had its

center (epicentrum) about halfway between Erfurt and Coburg,
and was felt in a region bounded approximately by a line
passing through the cities of Berlin, Breslau, Reg'ensburg,
Tubingen, Frankfort and Brunswick. The zone of greatest
intensity was south of a line passing between Gera and Alten-
burg, but large objects were nowhere overthrown, and few fis-

sures were formed in walls and buildings. The method of
Mallet was, therefore, not applicable, but the author employs
instead a method, already used by Schmidt to determine the
surface velocity, and here for the first time carried out in
detail. This method is based upon accurate determinations of
the time of shock for the greatest possible number of localities

within the region affected, and for this purpose the author pro-
ceeded immediately to collect from periodicals, from railroad
and telegraph officials, from astronomical and physical obser-
vatories, and from other sources, all notices of the time of shock.
These notices, with all the facts reported concerning the earth-
quake, are given in full—arranged geographically with their

authorities—in the first part of the work (pp. 5-103). The
times were then reduced to Berlin time, tabulated, and dis-

cussed under the assumption that the difference in transit

velocity resulting from the different conducting power of dif-

ferent strata, and the irregular distribution of fissures, joints,

&c., would, for large distances, counteract each other and result
in a velocity approximately uniform. Under this assumption,
which seems fully justified by the result, that portion of the
vibrations which reach the surface of the earth would form
concentric widening circles, and all points on each circle would
be shaken at the same instant These are the isoseistic curves
of the author (coseismic curves, Mallet).

If, then, a perpendicular be drawn from the middle of a
chord connecting two such points (points shaken at the same
absolute time, and thus lying in the same isoseistic circle), it

would pass through the epicentrum, and the intersection of

several such perpendiculars would determine the position of
this epicentrum. This method was applied as follows. From
the 149 observations of time, those from the astronomical ob-

servatories of Gottingen and Lei] nt in time
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and most trustworthy, were taken, and upon a large and accu-
rate map these towns were uuited by a straight line, and a per-
pendicular erected from the middle of the same. Then, Eger
and Halle coinciding also in time, and deserving, from the char-
acter of the observer in one case, and from the agreement of
different observers in the other, the highest confidence, were
chosen, and in the same way a perpendicular was erected from
the center of the line uniting them. These perpendiculars cut
each other near the village of Amt-Gehren (lat. 50° 38-6' N.

;

long. 8° 41 -25' E. of Paris) and fix the place of the epicentrum.
In order to establish this more firmly, the author proceeds to
discuss the remaining observations, and to construct isoseistic
curves for each minute. The earliest reported time is 3h. 55m.
P. M.—reported from twelve localities. Of these, several are
proved to be false by their relation to the accurate determina-
tions of Gottingen-Leipzig and Eger-Halle. Nevertheless, five
he in a circle whose center is at Amt-Gehren, and give thus
the isoseistic curve for 3h. 55m. In this way the curves for
each minute up to the limit, Breslau, 4h. 5m. 25s,, are deter-
mined (plate ii), each curve when fully established uniting
three or more places which reported the same time, and all
having a common center at Amt-Gehren. As a result of the
observations which deserve any confidence, above 40 per cent
point directly to the same spot, a degree of accuracy far greater
than could have been expected.
For the determination of the true transit velocity, the depth

of focus, and the time of initial impulse at the focus a verv
beautiful graphic method is introduced. If t = the time of
shock, and a = the distance from the epicentrum, of a given
locality, m, a short algebraic discussion obtains the equation
for a hyperbola, wherein these values a and t = the axes of
abscissas and ordinates. Laying off, then, miles (a a\ a") on
the axis of abscissas, and minutes (t, i', f) on the axis of ordin-
ates for each given locality (w, ro', m", &c), these latter must
describe a hyperbola. The degree of accuracy with which they
do this gives, in the first place, an indication of the degree of
accuracy of the determinations of time and the proper correc-
tion for each, and furnishes a means of controling the determin-
ation of the epicentrum given above. If this hyperbola be thus
drawn on profile paper in large scale, we can read off directly
the true transit velocity = the number of units on the axis of
abscissas (miles) measured off by the curve in passing over one
unit on the axis of ordinates (minutes). For the earthquake
under discussion this equalled 24 nautical miles per minute, or

meters per second. The center of the hyperbola, or the point
at which the asymptote prolonged cuts the axis of ordinates,
gives t

,
i. e., the time of the initial shock at the centrum, and
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the distance of this point from the focus of the hyperbola gives
the time occupied by the wave in passing vertically from the

center or origin of the shock to the surface of the earth. The
latter value multiplied by the mean transit velocity already
obtained, gives the depth of the " centrum" in miles.

The first of these constants (t°)—the time of the initial shock

—

is, in this case, easily determined by drawing the hyperbola

;

the second, however—the distance of the center of the hyperbola
from its focus—is not attainable from the lack of observations
near the epicentrum. The method fails here only from lack of

observations, and not from anything inherent in itself. In this

case the author employs the method of Mallet, and calculates

the depth of center of shock from the direction of cracks pro-

duced in buildings in the most violently shaken portion of the

earthquake area, and reaches the conclusion that " the depth of
the true focus (" centrum") of the earthquake of March 6, 187-',

may have equalled in minimum 7 -76 nautical miles =14,860
meters, in maximum 11 -64 n. m. =21,470 meters; the mean
depth being 9'68 n. m =19,850 m. This completes the second
part of the work (pp. 104-170); and in a third part (pp.

171-188), the author collects his results and compares them
with those obtained for other earthquakes by Mallet and
Schmidt, calculating, by the method employed above, the con-

stants, not obtained by these writers, from the data given by

Depth of the Center.—The author compares the depth of cen-

ter of the Neapolitan earthquake, as given by Mallet, with the

result obtained above, draws in plate n the hyperbola for the

Rhenish earthquake of 29th July, 1864, from numbers given by
Julius Schmidt, and. in plate ill, that for the earthquake of

Veterna hola, using data supplied by the same author. The
four results are tabulated below, and give all the data at

present known for the depth of center of earthquakes. The
depths are in nautical miles.

Middle Germany 6 Mar., '72, v. Seebach, 9-68 11-68 776
Naples, '58, Mallet, 11765 8125 2'75

Rhineland, 29 July, '64, v. Seebach, 24- 20-93

Veterna hola, 15 Jan., '58, v. Seebach, 17- (?) U-16(?)

Intensity.—The intensity at the earthquake center of the

shock or blow which caused the vibrations, is here sought In

passing out from this center the intensity of vibration must
grow less as the square of the distance from that center. And
at the outer limit of the shaken region the intensity of the

vibrations is approximately the same for every earthquake,

because this outer limit is determined by the observations of a

great number of individuals, and indicates only the point
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where the vibrations cease to be perceptible to the senses,

which would be when they had been weakened to a certain low

constant intensity. The initial intensity would then be pro-

portional to the square of the distance from the center to this

outer limit. Calculated thus, the relative intensity is

:

Middle Germany, 3305-2

Naples, 1252-6

Rhineland, 1577-3

Veterna hola (Hungary), 1612-5

It follows that the intensity of an earthquake is, as a rule, pro-

portional to its area, and that earthquakes of great intensity

and limited area originate at a comparatively small distance

below the surface.

Transit Velocity.—The true average transit velocity of the

four earthquakes under discussion, as found by the author, are

given in the table below, together with the results obtained ex-

- by Mallet, a1 Killiny Bay and Holyhead, for the

real transit velocity in different rocks by the explosion of mines

of powder.

Middle Germany,
Naples,
Rhineland,

742-0

259-7

567-6

206- (?)

3505 -2

1252-6

1577-3
1612-5

" granite much jointed,
" compact granite,
" quartzite and schist,

251-4

398-16

379-16

One of the results of Mallet's experiments at Holyhead—that

the transit velocity increases with an increase in the intensity

of the initial shock—is brought out clearly by the comparison

in the table above of the initial intensity with the transit ve-

locities of the first three earthquakes discussed.

The form of the Centrum.—One of the most interesting and,

at first sight, m< st -tart in- deductions of the author, relates to

the form and position of the area in which the shock originated.

If this area had been, as has been heretofore assumed, spherical

and of small dimensions, the region of most violent action (in

overturning buildings, &c.) would have been in a circle around
the epicentrum whose radius would have been 8 "8 nautical

miles. This is deduced from an interesting theorem given by
Mallet* The vibrations reaching the earth at the epicentrum
will have of course the greatest intensity, but the horizontal

component will then be zero, and as one passes out from the

epicentrum, although the intensity of the vibrations diminishes,

* Brit. Asaoc. Rep., 1858, p. 101.

"
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the horizontal component increases more rapidly> and thus the

zone of maximum disturbance will be in a circle at some dis-

tance from the epicentrum., its position being expressed, for a

homogeneous perfectly elastic medium, by the equation :

a:h:r=l:r2:rS.
a=radius of circle of maximum disturbance,

h

=

depth of centrum,
r— distance from centrum to circle of maximum disturbance.

The zone of greatest disturbance in the earthquake under
discussion was found by observation not to fulfill these condi-

tions, but to be a short curved band at a distance of forty nau-

tical miles to the N.W., and lying not concentric but radial to

the epicentrum. In explanation of this anomaly the author

makes the same assumption concerning the shape of the cen-

trum which was made by Mallet concerning that of the Neapo-
litan earthquake, and which seems a priori the most probable,

namely, that it would be a fissure in the earth's crust, and
would be a plane and not spherical. If now this plane be

placed at an oblique angle to the horizon, the vibrations will

have a greater intensity in a direction normal to the length of

the surface, and on the other side of the plane the direction of

greatest intensity would be toward the interior of the earth,

and the zones of equal intensity would be elliptical, as they are

seen to be partially in plate I. If, then, a line be drawn from

this area of greatest disturbance to the centrum, the plane of the

latter must be normal to the line. This fixes the dip and strike

of the fissure whence, and possibly by the formation of which,

the shock originated. We give the result in the authors own
words. « The centrum—the focus of the earthquake of March
6, 1872, lies near Amt-Gehren, 9 -6 nautical miles beneath the

earth's surface, and is most probably a fissure, which strikes

N.N.W. and S.S.E., is, however, of only slight horizontal ex-

tent This fissure is not vertical, but dips E.N.E. into the

interior of the earth."

We have sought to give a clear resume of the contents of

this valuable work, both of the methods employed and the

results obtained. We should, however, wish, with the author,

that these results, though in themselves valuable and instruc-

tive, should be taken rather as an illustration of a new and
valuable method, which is especially applicable wher
could not be used—in regions visited by earthquakes of slight

intensity and wide extent, as, possibly, for the regions whose

centers lie near Montreal and Portsmouth, N. H., and certainly

for California. For the latter region especially, the ease and
rapidity with which, by this means, all the elements of an

earthquake may "be obtained, should enforce the important
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recommendation made by Professor Whitney* to the natural-

ists of that State, that an important field for scientific research

is here opened to them—the erection, namely, at suitable local-

ities, of simple, inexpensive and permanent seismometers, like

those described by Ma Manual, and rede-

scribed in the work under review with important simplifica-

tions, which would enable one to give for each station— with

but moderate expense for erection, and none for maintenance
of instruments—the exact time and intensity of each shock.

It seems not too much to hope, with the author, " that here-

after no earthquake will visit a civilized region without the

attempt being made to discover, by the method here proposed,

which would require for its application but a few hours' time,

its geologically important elements."

Note.—The work of Professor v. Seebach is already bearing fruit in Germany,
and the earthquake of 22d Oct., 1873, in the northwest portion of the Rhine Prov-

inces and the adjacent parts of Belgium and Holland, the most violent of a long

series extending through the months Sep1
• hands of A. v. Las -./

. V . 1874, p. 167.

s's admirable paper has already appeared, at Bonn, and is

me, at page 392.—Eds.

During the winter of 1868-9 I was called upon by Pro-

fessor Storer to put up, in the chemical laboratory of the

Massachusetts Institute of Technology, the aspirator which
has, quite commonly, gone by the name of the Bunsen filter

pump. Some experiments were made to ascertain the best

form of filter pump, the results of which may be found in

the London Chemical News for Aug. 12, 1870.
This aspirator (as all who have used it are aware) relies

upon the column of water which has passed through it for its

power, and there are two main conditions of its success. 1.

The slower the water is fed to it, the greater will be its power.

2. The column of water which performs the work dates from
the aspirator downward to the point of outlet. The longer

this column, the greater will be the power of the aspirator.

While working at Bunsen's filter pump it occurred to me
that the great force of water which is fed to the building from
the hydrant (which was entirely lost in Bunsen's and Spren-
gel's apparatus) ought to be made available. Accordingly, I

looked up the subject in the winter of 1870-71, to see what
had been done in the wav of jet pumps, etc. Giffard's injector

was the most perfect and accurately described of anything that
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In Ewbank's Hydraulics I found quite a number of jet ar-

rangements, none, however, which in any way touched the

problem which was before me, i. e., to draw air by means of a

pressure of water drawn from a hydrant. A jet pump was
then made somewhat of the form presently to be described, but
which received its water supply from the side tube k, fig. 1, and
drew the air in through the central tube I

With this form of aspirator the air was rarefied to about one-
half its normal density, 380mm., but the instrument used an
enormous quantity of water (and Boston water rates are high),

and it was found to be a matter of the greatest nicety to adjust
the tube / in order to obtain any aspiration at all. For these

reasons, after a number of trials it was abandoned.
Quite a number of instruments were then made to ascertain

whether water fed through the central tube I would draw air,

but in every case the water came in in the form of a fine jet,

and entirely failed to bring with it the air.

The idea then occurred to me that if some means could be
devised to break up this jet into foam it could not fail to carry
the air along with it and produce the exhaustion desired.

Accordingly, in the autumn of 1871, an aspirator of the same
form as Giffard's injector was made and placed in an inverted

position, fig. 2. The jet at first was broken into spray at i, and
returning downward to /, it converted the whole water jet into

this form was difficult to make, and as its principle had been
attained, it remained to find a simpler shape which should pro-

duce the same result The zig-zag bends now used were hit

upon and proved entirely successful, and the form was so sim-

ple that no further changes were sought This form was per-

fected during the winter of 1872-3 and was shown before the

Society of Arts at Boston, in April, 1873.

Since the middle of July, 1874, I have tried a number of ex-

periments with a view to "ascertain the best form of the aspira-

l also under what conditions it can be most successfully

mployed.
There artThere are several points which must be studied separately to

produce a perfect instrument If w= diameter of jet, fig. 3
;

a=diameter of the apex of the cone a o ; o=diameter of base

of the cone and outlet tube ; then the points for our considera-

tion will be as follows

:

(1) The relative size of w and o; (2) the relative proximity of
a and w; (3) the form and angle of the cone joining a and o ;

(4) the relative sizes of a and w depending upon :

(a) The amount of water column pressure
;

(b) the amount of

rarefaction desired
;

(c) the quantity of air desired.

(1) The relative sizes of w and o.—As has been previously
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stated, a successful aspirator of this form must have true foam
existing in its outlet tube o when it is at work, and it is evident
that the larger this tube becomes relatively to w, beyond certain
limits, the less will be the probability of our attaining a true
foam. On the other hand, the smaller the tube o relatively to
w the greater and more injurious will be the retarding force of
friction. While keeping these two limits in sight the follow-
ing experiments were made, the air beiDg freely admitted.
Aspirators of these sizes were tried.

W 2 . 2 = l . ^5 gaye fQamj

the most eco-

(2) The relative proximity of a and w.—I have made no
*|>e<-i;il determination to got' at this distance, nor do I believe
that there is an exact value to it which is better than all others.
I have found, however, that if (in the aspirators made on the
scale that I shall presently describe) this distance much exceeds
one-quarter of an inch, it will invariably be fatal to the success
of the aspirator. This failure seems to be accounted for by the
fact that nearly all of these aspirators have a more or l<

movement and the water for an instant comes back into the
chamber c, fig. 3. When this happens, unless w is close to a,

the jet of water issuing from tr will lose its identity in the mass
of water below it and the aspirator will become powerless.

(3) The form and angle of the cone joining a and o.—The
state of things in this aspirator is not directly, in so many
words, water pressure stemming atmospheric pressure. It is

the loss of momentum incurred by this rapid jet, which carries
along and drives out the atmosphere. Other things being
equal, the quicker we can stop this jet the greater will be the
loss of momentum per minute, and hence the greater the power.
Therefore, if we could stop instantly the stream which moves
at ten miles or more per minute (1202 c.c, through a jet -040

°f an inch in diameter), we could make it perform, by this

test work. That is to say, if we join a and o by
ler, this result will be attained. But by doing

mis an unlooked-for state of things modifies our coi

An eddy is formed in the angle of the shoulder where the water
lies idle (see fig. 4) and apparently out of the lines of force

from the jet. This eddy easily makes its way up into the

chamber e and paralyzes the aspirator.

The following rough experiment was made to ascertain, if

possible, the exact position of these lines of force. An aspirator
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was cut off at a (see fig. 5), and its lower extremity a was
dipped into a large beaker full of water and the water pressure

turned on to determine the form in which the foam would

The angle of this cone was (

of different pressures, to see if it would vary with the pressure.

The method of measuring the angle was rough (sighting by two
rulers and transferring to paper), but the angle does not seem
to vary with the pressure.

Table I.

425 13°

The exact condition of things in this aspirator seems to be

that the water jet, on arriving at a, fig. 3, is obliged to fill the

whole cross section at a, thus forming a wad or dii

which, if we trace in its forward movement to o, we shall find

that this elementary portion of the jet must do one of two

things in order that it shall fill the cross section at o: it must
either lose momentum or it must take air with it to help it to

fill up the space. Practically both these things take place.

Sufficient reason has already been given for having the angle

of this cone as large as possible (i. e., the elimination of friction

and the most rapid reduction of momentum).
The following experiment, however, was tried with a view

to prove these points. An aspirator (fig. 6) was made, having

a = osmdw:a= -056" : -080". The distance from a to o was

Mtes that the shorter the constricted tube a o became,
the better was the result in exhaustion.
The experiment just described also distinctly shows that the

aspirator must have a definite point assigned for the field of
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7

contest between the air and water. Figures 7 and 8 are very
poor forms, while fig. 9 is an excellent one. Experience in

making a large number has verified this, and when the angle is

made 17° the water is always able to stem and hold at bay as

much of the atmosphere as its pressure is able to push out.

An experiment was made to prove this. An aspirator with an
angle of 35° was attached to the water supply and to the man-
ometer, and while using 2287 mm. water pressure, gave 538 mm.
air tension, when the water ran back into c and the aspirator

was paralyzed. The angle of this same instrument was then
changed to 17° by re-melting the glass, and at the next trial it

produced a certain proportion of the vacuum, 538 mm. same as

before, but this time it stemmed the atmospheric pressure and
the water was unable to flow back again, proving the efficacy of

the 17° angle for the cone. It may perhaps in the future be
proved that some curved outline, for instance a trumpet-shaped
enlargement, would be more efficacious than a true cone, but
I have not as yet been able to experiment on it, and the true

eone which I have assumed has brought very good results.

(4.) The relative size of a and o depending upon

—

(a) The amount of water column pressure.

(b) The amount of rarefaction desired.

(c) The quantity of air desired.

As a is the scene of contest between the pressure of the

water exerted downward and the atmospheric pressure exerted

upward, the chamber c being vacuous or partially so, it seemed
as an a priori certainty that, in order to have the water and air

balance each other, the ratio of areas of a : w should bear some
definite proportion to the ratio of pressures of water and air ; if,

for instance, P = the pressure of water and Q= the atmospheric

pressure, then it would seem probable that this equation would
satisfy all the conditions (a and w being diameters)

:

FXw 3=Qxa 2
.

If this question was merely a statical one, this would un-

doubtedly be true, but momentum enters very prominently into

the discussion during the process of exhaustion, and it would
seem as though it must change the state of things, although

when the absolute vacuum is reached the instrument is in true

statical equilibrium. The experiments presently to be no-

ticed were made with a view to answer these questions. A
gauge was made for measuring the water pressure shown in fig.

11, which gives the whole arrangement of barometer, air man-
ometer and water gauge. I is a funnel tube for replenishing

the mercury ; E is a reservoir to contain the mercury ; <x is

the gauge tube, sealed above, and having an arbitrary scale

calibrated to read equal volumes within the gauge tube ; B is

the balance tube. The operation of measuring water pressure

by means of this gauge is as follows :
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..) Open
,

, fill E, close it again.

i done by raising the mercury with cock C 3

or by lowering it with cock C 3 , as the case may be. Now take

the reading : call it r.

(5.) Shut the water off and bring B and Gr again on a level,

while C , is open for free admission of the atmosphere. Take
the reading and call it R

(6.) A barometer by the side of the air manometer will tell

the number of mm. supported by the atmosphere : call it n and
let m — the number of mm. of exhaustion shown by the air

manometer ; then by the law of gas tension we have—when the

aspirator has produced a perfect vacuum

—

—Xw=mm. of mercury, able to balance the pressure of water.

When the aspirator is open to the free admission of air

—

—Xn—n= mm. of mercury, as above.

When the aspirator has produced a partial vacuum

—

—Xn—(n-m)= mm. of mercury, as above.

These formulas give the pressure of water which is actually

called into use by the aspirator.

In order to test the relative sizes of a and w as best suited

for various columns of water, seven aspirators were made in

glass, of varying dimensions, which are here shown

:

Table II.

The dimensions are all given in fractions of ;

confident that the error does not exceed 1

measurements were made with a Brown and
r gauge, and the method employed *f\\

glass was dropped into the partly finished pump (fig. 12)

exact point of contact noted by the scratch
i file. The diameter of the c :• the point of contact was
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measured by the gauge. To obtain the jet w, a having already-

been measured, let - =—
3
= the ratio which we desire to fulfil,

diameter of w which we require. Anotherj?-

then cut ofF exactly at the base of the cone. The greatest
source of error lies in the fact that the steadiest hand cannot
always rely upon making the cross section of his jets true math-
ematical circles.

Explanation of letters, terms, etc., used in thefollowing experinu. tits.

G-, is the column recording the gauge readings under the at-

mospheric pressure alone.

Gr
2 is ditto when the water has been turned on and the aspira-

tor has attained its greatest vacuum.
Gr

3 is the column recording gauge readings taken just after G 2

and with only one change in the apparatus, i. e., the air is

freely admitted to the aspirator, the water cock remaining
untouched.

H, A and H-h are the air manometer readings, the latter giv-

ing the number of mm. sustained by the difference in ten-

sion between the normal and the exhausted air.

In each case below will be found a calculated statement of
the actual water pressure which was used to sustain the (H-A)
of the atmosphere, which is placed next to it on the same line.

One pair of columns is marked "with vacuum," the other
"without vacuum;" in the first of these the water pressure is

calculated from G 3
and G,.

?X«-(»-«)=5lXnH „-(H-A) h
In the second it is calculated from G , and G .

.

r G 3

The exact cause of the difference of readings G 2 and G
3

is

worthy of note. The reading G 3
is taken when the water cock

is in exactly the same position as when G 2 was read, but the

atmosphere has been admitted to the chamber c and the addi-

tional impelling force to the water which lowered G 2 is now
wanting and hence the gauge rises when G

3
is taken. The

question may be asked, " what right have we to charge to one
experiment a different amount of pressure from what we do to

another when the gauge in both cases reads the same, or, as some-
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times happens, the difference between the readings would indi-

cate an opposite difference (i. e., the smaller one greater than

the larger), from the resulting calculation." My answer is that

when the atmosphere is admitted it balances the atmospheric

pressure on top of the feed reservoir, and when it is not admit-

ted, the whole atmospheric pressure is added to that of the

column of water which exerts the force, increasing its power by
15 lbs. on the square inch, and if there is need of further proof,

water came through the aspirator when it was producing a vacu-

um than when it was not, even though the pressure gauge read-

ings were the same, which plainly indicates that with the vacuum,
there is greater impelling force to the water than without it.

a = -068" Barometer, 764
w— -068 Air, 74° F.

o = -250 Water, 72° F.

Record of experiments.

1732 900 743 l| 741£ 750 415 415

1000 730 18 712 811 415 415

Calculated results.

Barometer, 766mm

Air, 75° F.

Water, 73° F.

Record of experiments.

Caladated results.
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0.3. a*:u> s =2
Barometer,
Air,

Water,

Record of experiments.

a = -090' Barometer, 764mm

w=-052 Air, 75° F.

Water, 73° F.

Record of experiments.

570 740 5£ 734i 565 415 41

600§ 736 11 725 585|| 415 41

6001

Calculated results.

Withv icuum. With no vacuum.

2292*m 734£m
'

m 1578™m C

2166 725 1498 C

BATOR NO. 5. a*:w t =4::l.

l = -085" Barometer, 764mm

Air, 75° F.

= -250 Water, 73° F.

Record of experiments.

G 2 . H. h. H-A. G.t . H.

550 742 3* 738^ 550 415 4

572** 741 4 737 566ft
600 737 11 726 582

572tt

- Jour. Sci.—Third I
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Calculated results.

2378
2285

738^ 1639mm

1572
2176 726 1508

ASPIRATOB NO. a*:w«=5:l.

a— 090'' Barometer, 762"

w= -040 Air, 75°

o=-270 Water, 72°

Record of experiments.

G,. G 2 . H. h.

17:;-- n 471 740 6 734 471 415

1782 500* 739 n 7311 490f

500J

Calculated results.

With va With no vacuu
W
2??4mm

Ai

V|
n
4m * 2

8 6

39;nm

2609 73l£ 1931

ASPIRATOR NO. a*:w*= 15:l.

a= -246" Barometer, 764mn

w= -0635 Air, 77°

== -254 Water, 72°

Record of experiments.

{b\ G*. H. h. B.-h.

320 175 Air and water exactly bal-

anced each other.

Calculated results.

With partial vacuum.

Comparison of the

quired by aspirators of different ratio, i

produce an approximate vacuum

:

Table III.

Water pressure. Air tension.

1448mm 74l£mm

1457 743
1608 741
2292 13U
2378 738|

2301
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From which we may obtain the following table

:

Table IV.

13-148 15- -1-852

This table shows a distinct variation from the theory enun-
ciated above, Qxa 2=P : w 3

, and so long as the actual pressure

ratio is larger than the theoretical area ratio, it would seem to

be accounted for by friction ; but when, as in the last three

cases, it becomes less, I confess I am at a loss to discover the law.

The differences form a very nice series, growing less and less

until they become negative quantities, but up to the time of
writing I have failed to ascertain the cause. At the first glance
it looks as if the water was doing more than its theoretical

amount of work ; momentum surely cannot account for it.

Experiments to determine the relative amounts of air and
water used by the different aspirators under a constant air ten-

sion, and in each case with that water pressure which is the

produce its best vacuum. Barometerminimum requ
767, air 74° F.,

Rcr, d of experiments.

H. h. YL-h. Time.

374 76 1 min.

374 76 "

4*0 374 76 "

470 350 120 "

550 460 362 98

471 450 374 76

Calculated^'

olumes of the different aspirators

* Tried at another time, bar.
'
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Aspirator. "Water pres. Air t r volume. Time.

No. 3 1109

No. 5

No. 6

2065
2467

w;. in the experiment is made, C 7 is arra
pressure on the water gauge, and tbe

iged to
i

tially exhausted until the air manometer reads the desired'fig-
ure. C

4
is then closed, and when the watch comes to a con-

venient second, i is instantly put under to catch the water and
C 4 is at the same instant opened. The manometer is pre-
vented from rising and indeed held exactly on its desired read-
ing by means of cock C

6
. At the instant "the minute is up, • is

removed and C
6 closed; then i contains the whole of the water

used, and the number of cubic centimeters of water required to
fall h again represents the amount of air drawn. To be sure,
there is a slight error from having the levels of water in K and
h different, but this is entirely insignificant when compared
with the forces at issue.

Experiment to ascertain the length of time required to pro-
duce a vacuum in a vessel of given size. Aspirator a 2

: w 2 =5 : 1.

Water pres. H-ft. Time.

a^abo
38 efferveacin& <luite freelr- I ^ not fry to 8®*
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"Water pres.

approximately.

2774

730 20

In order to ascertain how long any vessel will require for

exhaustion the law is directly as the volume. A flask of dou-
ble capacity takes twice as long.

The experiments below were made to ascertain the maximum
exhaustion attainable by these four aspirators, the readings
being taken much more closely than those given previously.

Barometer 767-2™™ air 76£° F.

"Water temp. Qtx . G 2 . H. h. H— h.

No. ] 74°

No! 3

No. 4 » 1740
500
500

744

743

Table showi
aspirator when
hand.

ng the amount of rarefac

doing its best work by m
" attained by

of the pressi

Aq. vapor Water "Water

744 21-70 -047 •50

JJ°-
5 738£ 21-09 73 2378 764- 4-41

No. 6 734 20-47 72 2774 762* 8'53
No. 7 175 20-47 72 2301 764- 568'53

The column B-(H-A+V) in this table shows us the error of
the aspirator, i.e. the number of millimeters that its air exhaus-
tion varies^from the theoretical perfection to be aimed at The
pump will" never be able to eliminate the tension of aqueous
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vapor so long as water is used in it I have made one attempt

to produce a mercury pump to work upon the same principle,

but the instrument was not a perfect success. It will need study

to secure its best form, and to ascertain whether it can be made
more available than Sprengel's fall pump, which is now com-

An experiment was made to ascertain whether the form of

the converging cone which connects the reservoir c, and the

constricted point a, fig. 3, influences in any way the success of

the aspirator. The form of aspirator used 'was that represented

in fig. 10., which removes the converging cone entirely. The
data of the experiment were:—w= -056", a=-080", a 2 :w 2 =2:l.

The barometer stood at 773£.

Air tension. "Water pressure.

745i- 2406-9-
742"£ 1621-2

737' 1505-5

In the second experiment the aspirator was about at its limit,

i. e., an increase of water pressure would not materially increase

its power, while a slight decrease would seriously impair its

power, which gives us an opportunity to compare this form of

In aspirator fig. 10, 2-09 1:2
" 3, 2-17 1:2

The difference between these two numbers 2 "09 and 2 -17, is

slight when we consider the extreme difficulty of obtaining

the aspirator's exact limit It may be concluded, therefore, that

the converging angle does not influence the power of the in-

strument. But I found that the form fig. 10, although of the

same vacuum sustaining power, required a great deal longer to

produce the vacuum, as many bubbles of air were seen bound-
ing off from the sides of the cone a o which ought to have been

carried down in it, and very probably would have been carried

down if a had been joined to c, by a converging cone. I there-

fore conclude that the converging cone joining c and a does

not influence the quality of the instrument, but that it does in-

fluence the quantity of air carried by the instrument. I find

that an angle of 17° for the converging cone c a as well as for

the diverging cone a o yields very satisfactory results.

Prof. Mixter informs me that Fechner of Berlin uses a jet

aspirator differing in form and principle from my GHi

jector experiment, only in the fact that he fills the cone a o with

foam by placing o in a beaker of water.
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From Prof. J. Lawrence Smith, I learned a few days since,

that a metallic jet aspirator is used in France. The maker and
the particulars of its form he did not recall at the moment.

In the store of Messrs. Codman & Shurtleff of Boston I find

an instrument called a saliva pump, made to be screwed to the

hydrant at any point. This instrument, while it is essentially

the same as mine, differs in obtaining its foam in the cone a o,

fig. 3, by an obstruction which is introduced at o. The cone a o

is much too acute, according to my experience, but I should

judge that it would do fair work, and for its present application

is just as good as if it had the most economical form. This

instrument was invented and is now made by Dr. J. E. Fisk

of Salem, Mass.
Mass. Institute of Technology, Boston.

Note.—Since writing this account, I have given i

and rules for the manufacture of these aspirators, to suit ap-

proximately any head of water, to Mr. E. B. Benjamin, 10

Barclay street, Kew York city, who has in his employment an

excellent glass blower, and I have sent samples of my own
manufacture to aid him in reproducing my idea. It will be

necessary for persons desiring to obtain the aspirators to make
several determinations during the same day of the column of

water which they have at hand. Figs. 15 and 16 show the

apparatus which 'is all sufficient to obtain an approximate de-

termination of sufficient accuracy for the purpose. The U-
tube may be of jth inch bore and of same diameter at both ends,

one foot long, should have a slight rib at the top, should be at-

tached to the cock with a rubber connector containing cloth

fiber to give it strength, and should be wired on with copper
wire. About one half the quantity of mercury that would be

required to fill the U-tube should be used. The four measure-

ments, a, A, c, d, should be taken in mm. for each experiment,

and after the experiment the U-tube will have to be very cau-

tiously removed to allow a gradual expansion of the air in C.

Fig. 15 shows the beginning of the experiment, fig. 16 the end.

The following formula will give the approximate number of

atmospheres of water pressure at hand, which must be stated

m ordering from Mr. Benjamin.

c(l-^:a(l+a^) = l atmosphere : atmospheres of water

pressure.

760
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I am aware that this formula
pressure than the water column y
refer back to the experiments, he will find that the aspirator

actually utilizes one atmospheric pressure more than is due to

the water column, for high water pressures one or more atmos-

phere, and for less powerful ones the aspirator utilizes a portion

of an atmosphere more than is due to the column of water.

Akt. XXXVIL— On the Molecular Volume of Water of Crystal-

lization ; by Frank Wigglesworth Clarke, S. B., Profes-

sor of Chemistry and Physics in the University of Cincinnati

It is an important problem in theoretical chemistry to de-

termine the nature of the difference between water of constitu-

tion and water of crystallization. Some time since it occurred

to me that perhaps a clue to the solution of this problem might

be obtained from a careful comparison of the molecular vol-

umes of hydrates and crystallized salts. Having abundant

data concerning specific gravities at my command, this work

became comparatively easy ; and, although I was not led to

absolutely satisfactory results, I still came upon some points of

considerable interest. Of course my chief difficulties arose

from the discrepancies between different determinations of spe-

cific gravity, as made by different experimenters. This diffi-

culty was especially great in dealing with the hydrates ;
where

in some instances two determinations of specific gravity for the

same substance will differ by nearly fifty per cent. But the

untrustworthy character of some of my material need not vitiate

essentially the conclusions drawn from the whole mass.

My first step was to determine whether the molecular vol-

ume of water of crystalli/ati. n is a constant q lautitv, or whether

it is different in different salts. To settle this question, I had

the published specific gravities of thirty-one ankyuV>u> .salt.-.

and corresponding determinations for the same substances, plus

water of crystallization. The needful calculations were of the

most extremely simple character. Subtract the molecular vol-

ume of the anhydrous salt from that of the'hydrated compound,
and divide the remainder by the number of molecules of water

present: the quotient will be the molecular volume of the

water. It will at once be seen that this method of ca

involves the assumption that the volume of the salt itself is

constant ; an assumption which, a priori, is wholly unwarrant-
able. In my work I started with it as a mere supposition, not

as an assumption, and found it at the end to be wholly justified

by my results. Let me now quote the data used in my work,
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and subsequently present my conclusions. The following spe-
cific gravity determinations were employed. The deduced
molecular volume is placed after each one, in brackets:

CaCl
2 , 2-240, Filhol (molec. vol. 496). CaCl2 , 6 aq., 1-635, Fil-

hol (vol. 133-9). SrCl 2 , 2 8033, Karsten (56-5). SrCl
2 , 6 aq.,

1-921, Buignet (138-8). BaCl2 , 3-886, Schroder (53-5). "Bal'l,,

2 aq., 3-052, Schiff (79'9). FeCl
2 , 2-528, Filhol (50'2). Fed-,

4 aq., 1-926, Filhol (103-3). CoVl„. 2-937. riavtair and Joule
(44-2). CoCl

2 , 6 aq., 1'84, Bodeker (129). CuCl2 , 3-054, Play-
fair and Joule (44). CuCl 2 , 2 aq., 2-47, Bodeker (69). MgCl

8 ,

2-177, Playfair and Joule (43'7). MgCl
2 ,6 aq., 1-562, [Max fair

and Joule (129-9).

Li
2
S0

4 , 2-210, Kremers (46-6). Li
2S0 4 , aq., 2-02, Troost (59-9).

Na
2
S()

4 , 2-597, Playfair and Joule (54-7). Na
2
S0

4 , 10 aq.,
1-520, Filhol (196-6).

* CaS<)
4 , 2Tir,u. Naumann 4.V9). CaSO,,

2 aq., 2-331, Filhol (73-8). MnS0 4 , 3-1, Bodeker (48-7).
MnS0

4 , 5 aq., 2-087-2-095, Kopp (115-2). FeS0 4 , 8-138, Play-
fair and Joule (48-4). FeS0 4 , 7 aq., 1-8889, Playfair and Joule
(147-2). NiS0

4 , 3-643, Pape (42-4). NiS0
4 , 7 aq., 1-931,

Schiff (145-4). CoS0
4 , 3-531, Playfair and Joule (43-8).

CoS0
4 , 7 aq., 1-924, Schiff (145-8). CuS0

4 , 3-631, Playfair and
Joule (43-9). CuS0

4 , 5 aq. 2-254, Playfair and Joule (110-6).
MgS0

4 , 2-629, Fill,. ,.. l-68.>,Si-hhf(14.V9).
ZnS0

4 , 3-400, Karsten, Filhol (47'4). ZnS0 4 , 7 aq., 1-957.

Buignet (146-7). A1 2 (S0 4)„ 2 ule (157-5),
A1

2 (S0 4 ) 3 , 18 aq., 1-671, Playfair and Joule (39,-).

CuK
2 (S0 4 ) 2 , 2-797, Playfair and Joule (119-5). CuK 2(S0 4 ) 2 ,

6 aq., 2-16376, Playfair and Joule (204-1). ZnK2
(S0

4 U. 2M.5.
Playfair and Joule (119-1). ZnK2 (S0 4 )„, aq.. 2 1V;. S.-i.iff,

Kopp (206). CuAm„(S0
4 ) n ,- »uk (132-7).

CuAm
2 (S04 )2 , 6 aq., 1-891, Playfair and Joule (211-2),

ZnAm
2
(S0

4 ) 2 , 2-222, Playfair and Joule (131-9). ZnAm2

(
s

4 )„ 6 aq., 1-897, Playfair and Joule (2110). A1K(S0 4 ) 2 ,

2-228, Playfair and Joule (116). A1K(S0 4 )2 , 12 aq. 1-726,

Playfair and Joule (276). AlAm(SOj Q ,
2-t >:<'.*. Playfair and

Joule (116-4). AlAm(S0 4 ) 2 , 12 aq., 1 -625, Playfair and Joule

^a2B 4 7 , 2-367, Filhol (85-3). Na 2B 4 7 , 10 aq., 1-692, Filhol

(225-8).

SrN
2 6 , 2-857, Filhol (78-2). SrN

2 6 , 5 aq.. 2 113, Filhol (148-3).

CaN
2 6 , 2-240, Filhol (78-5). CaN-O., 4 aq., 1-90, Ordway

(130-5).
'

^CO^, 2-430, Playfair and Joule (43-6). Na
2
C0 3 , 10 aq., 1-475,

s *-hiff ' 93 .' . (*'a< '(
> . 2-7000, Karsten (37'0). CaC0 3 , 5 aq.,

1-783, Pelouze (106'6). KNaC0 3 ,
2-5289-2-5633, Stolba (48).

KNaCO
a , 12 aq., 1-6088-1-6334, Stolba (208 6).

X;i
< ',H .<>,. 1*21, Bodeker (59-8). NaC 2H 3 8 , H aq., 140,
Bodeker (13 7 -8).
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In this list it will at once be noticed that there is a consider-

able variety of salts, varying in hydration from one to eighteen

molecules of water. Chlorides, sulphates, both simple and
double, nitrates, carbonates, borates, and acetates, are represented.

Now, if we calculate from these data, the molecular volume of

the water of crystallization in the manner already described, we
shall get the following series of values :

In CaCl2 , i5 aq. 14-0 In CuK
3 (S0 4 ) 2 , 6 aq.

" SrCl.;. 6

" liaCU :

aq. 137 " ZnK2 (S04)„6 aq.

> aq. 13.2 " CuAm2 (S0 4 )„ 6 aq.
" fvci;, - 133 " ZnAm

2 (S0 4 ) 2 , 6 aq.

« A1K(S0
4 ) 2 , 12 aq.

" AlAm(S0 4 ) 2 , 12 aq.

" CoCl,, (i aq! 141
" CuCl"

8 ,5
" MgCl2 ,

12-5

C aq. 14-4

" Na 4B2 7 , 10 aq.
" Li

2S0 4 ,
aq. 13*3

" CaS<>
4 ,

, 10 aq. 14-2
* CaN

2 6 , 4 aq.

" Mi.SO., 5 aq. 13-3
•' SrN 2 6 , 5 aq.

" FeS04 ,
7 aq. 14-1

" CoS04 ,
7 aq. " Na2C0 3 , 10 aq.

" CaCO,, 5 aq.
" KNaC0

3 , 12 aq.

" XiS(.),, 7 aq. 14-7

" CuSO,, 5 aq.

" MgS0 4 ,
7 aq.

" ZnSO.;
" Al a (S0 4

7 aq. " NaC
3
H

3 2 , 6 aq.

>)., 18%SLn of all is 13-76.

Here, now, we have practically one value for the molecular

volume of water of crystallization, no clearly marked exception

having yet appeared to me. When, instead of select

irions of specific gravity, the average of all the reliable

published values for each salt is used in the work of cal

the uniformity becomes, if anything, more striking. The dif-

ference between the extremes in the above series of values is

less than is frequently found between two determinations for

one substance.

When we consider the variety of salts with which we are

dealing, and the great differences in the extent of fchei

tion, it seems certain that so remarkably uniform a series of

values can be interpreted in only one way.
When water unites with an anhydrous salt to become water of

crystallization, that wat
ensues, the volume ofth* I That is,

the volume of any salt containing water of crystallization is the

volume of the anhydrous salt, plus that of the water condensed
to a volume of 13-76. An idea of the amount of this conden-

sation may be derived from the fact that the molecular volume
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of ice is about 19-6. If, in uniting with water of crystalliza-
tion, the salts themselves were to undergo a change of volume,
it is evident that, in such a variety of compounds, we could

>1 v obtain a constant value for the water. Every va-
riation in the salt would produce a corresponding variation in
the remainder. We might, indeed, get similar remainders for
a series of salts of equal hydration, but we could certainly hope

a of the kind in comparing compounds with one, two,
four, five, six, seven, ten, twelve, and eighteen molecules of
water of crystallization.

Now, turning to the hydrates, and studying them just as we
have studied ordinary crystallized salts, we find a totally differ-
ent state of affairs. Instead of getting a constant value for our
remainder, we shall get a number of values having no apparent
relation to each other. A few instances here and there will
illustrate this fact.

W, 4-487, Ditte (74-4). I20,,H 2 (HICL), 4*269, Ditte (82-4),
K

20, 2-r.r>.:. K:mm,.„ < :.v» K <UJ n.KINh. .-i:. I-'illu.l

(54-8). CaO, 3-180, Filhol (17-6). CaO, H,0, 2-078, Filhol
(35-1). SrO, 4-611, Filhol (22-4) SrO, H

2 0, 3"625. Filhol
(33-5). BaO, 5-456, Filhol (28-0). BaO, H 20, 4-495, Filhol

(38). Mn2O s (brauni I). Mn2 3 .

nelsberg (40"6). Fe 2 3 ,
5-037,

(diaspore), ,*i-45, J. L. Smith (35-0). B
2 3 ,

1-803, Davv <3*-V).

B
2 3,3H2 0, 1-4347, Stolba (86-4).

,
Arranging these serially and subtracting, we get the follow-

ing remainders to represent the water

:

In I
2 5 , Ha O, 8-0 In Mn2 3 , H.,0, 74

" K20,H 20, 19-4 " Fe 2 3 , H ,"(.), 90
" CaO, H 2 0, 17-5 " Al.O., Hjo, 9-3

"SrO, H2 0, 111 «B2O a
,3H2 0, 15 9

" BaO, H
2 0, 100

It would be easy to carry this out still farther, but already
the want of uniformity is "striking enough. One compound,
however, is worth noting. The molecular volume of K 2 0, H 2 0,
halved as it ought to be for KHO, is almost the exact mean
between the values for ice

;
19"6, and K,0, 35 4. This, of

course, is what we should expect.
In the above series two things are noteworthy. First, the

lack of uniformitv. which indicates (but does not prove) what
^e would naturally expect, viz., that when an oxide unites
with water to form a hydrate, both undergo condensation.

fondly, what supports the same idea, that the volumes thus

for water average much lower than the
values obtained from crystallized salt.
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To sum up, the evidence presented in this paper renders the

tg statement highly probable.

When water unites with an anhydrous substance to become
water of crystallization, the water undergoes the entire con-

densation. When it unites as water of constitution, the con-

densation is distributed throughout the molecule. The law of

this distribution remains to be ascertained.

by J.

Ky.
Art. XXXVIIL— Warwickite ; by J. Lawrence Smith,

Louisville,

It is several years since Professor Brush and myself, while

engaged in the re-examination of American minerals, pointed

out the mineral warwickite as possessing a peculiar composition,

est different from what it had been supposed to have.

The mineral was first described as a new species by Pro-

fessor Shepard in 1888 (Am. Journ. Sci., vol. xxxiv), and

again more fully in 1839 (ibid, vol. xxxvi, p. 313). In both

oi these descriptions, however, he confounded two very clis-

:'-.-, viz: the mineral proper and an impui'e_vanet\

of it, which, while possessing the general crystallographic form,

contained but a small portion of the true warwickite; in fact,

this impure variety bears about the same relation to the true

mineral as the siliceous lime crystals, known as Fon1
limestone, does to calcite. The pure variety occurs in small

slender crystals detached with difficulty from the gangue ;
this

form was not analyzed by Professor Shepard, for he says that

one of the crystals that "furnished material for his examina-

tion was five centimeters long by one centimeter across, and

had no metallic luster, which luster really marks the true war-

wickite, especially on the cleavage surfaces.

The result of Professor Shepard's analyses were so different

from what I have found either in the pure or impure varieties

that it is needless to give them here.

Subsequently this mineral was taken up by Professor 1. o.

Hunt, and from his results he supposed that he had discovered

a new mineral, which he called enceladite. But Professor Hunt

fell into the same error as Professor Shepard from examining an

impure mineral, finding as much as 18 per cent of s;

alumina and 7 of water. Subsequently Professor Hunt exam-

ined a purer specimen and gave as its composition

:

Titanic acid 31'5

Magnesia 43-5

Peroxide of iron... 8*1

Loss by ignition. -. 2-0
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His analysis showed a loss of nearly 20 per cent, which he
thought had occurred by an accident to the sand bath during
the analysis

; and not having any more of the material, he was
unable to verify his results.

It was just here that the re-examination of this mineral was
taken up, which soon made it evident that the pure mineral
had never yet been analyzed. The utmost care was taken in
selecting the best specimens of the rock containing the mineral,
and then, by mechanical and chemical means, in separating the
mineral from the rock ; then again in crushing up the small
crystals and selecting out the pure little fragments under a
strong glass, the pieces usually not being more than a milli-
meter in size; and thus nearly as much time was consumed in
selecting and purifying the mineral as in analyzing it, although
the latter was slow work.
When pure warwickite was examined, it was found that

one of its most important constituents had been overlooked.
But so little of the pure mineral was then at our disposal,
and so difficult was it to separate it from the associated min-
erals, that all that could be arrived at, at that time, was the
discovery of over 20 per cent of boracic acid, and the estab-
lishment of the fact that warwickite was essentially a boro-
titanate of magnesia and iron (Am. Journ. Set, H, xvi, 293).

Since obtaining the above results, I have procured a number
of pieces of the rock containing the small crystals, and separated
sufficient for analyses in a nearly pure state ; although, from
the fact that almost microscopic crystals penetrate the crystals
of warwickite, it is impossible to separate the last traces of
spinel. When the mineral is powdered in the mortar the
small particles of spinel will be felt, and with a magnifying
glass can be discovered. Notwithstanding these difficulties, I
am satisfied that I have made out its composition. Its physical
characters have been pretty well described in works on Miner-
alogy. Its specific gravity as made out by me is 3-362

; by
Brush, 3-351 small crystals, 3"423 large crystals; and by
Damour, 3 355. The luster of the cleavage surface is very
bright and characteristic, being of a dark hair-brown or chocolate
color. It is very readily cleaved in the direction of the prism.
The results of my analysis are as follows :

Oxygen. Ratio.

Boracicacid 27'80 19-06 9

Titanic acid - 23-82 10-37 5

Magnesia 36-80 14'46 6

Oxide of iron. 7*02 2-10 1

Silica 1-00

Alumina 2-21=98-65
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The silica and alum
from spinel that it had been impossible to separate,
was combined with a little of the magnesia ; and these have
been deducted in making out the oxygen ratio. Moreover, the
titanic acid obtained in the analysis retained a minute quantity
of oxide of iron. After a most careful study of the compo-
sition as made out by the above analysis, confirmed by sev-
eral other partial analyses, I feel warranted in giving the follow-
ing as the true composition of warwickite :

The exact formula by which to express this mineral is not

easily given, as we know nothing of compounds containing bora-

cic and titanic acid associated together ; the expression I am
disposed to adopt is Mg5!}3 + (Mg,Fe)Ti2

.

I would remark that at the same locality from which the

warwickite comes, there occurs a titaniferous spinel contain-

ing about 15 per cent of magnesia, as analyzed by Eammelsberg,
and would have for its formula

MgTi + FeTi.

Warwickite is the only borotitanate thus far made known.
I am indebted to M. Des Cloiseaux for the following crystal-

lography account of warwickite. The prisms never are well

terminated : they are either orthorhombic or clinorhombic.

The forms that Des Cloiseaux has observed are A'm g
2
g

l and
h>h*m g*g\ The angles measured by him are : A '

A

2 =162° 5'

;

A'm=135° 40'; h'g 2 (over m) =109°, h*g l = 90° 20
/-90°30 /

,

?^'=134o20'-134o
35',£ 2£' (adjacent)=161°20 /-161°25', g

l h a

(over to)=108° 40'. From these, M. Des Cloiseaux calculates

mm= 9l° 20' and 88° 40', A'A 2 =161° 58', A'm=135°40', h*g*

= 108° 30', Ay--- 90°, ro^=134° 80', ^V=161° 10', g
lh2= 108° 2'.

Art. XXXIX.— Curious association of Garnet, Idocrase and

Datolite; by J. Lawrence Smith, Louisville, Ky.

Specimens of a rock were sent to me some time since from

Santa Clara in California, which were found to be composed of

four minerals associated together, viz : calcite, which represented

the rock of the country from whence it came, and datolite,

garnet and idocrase. The datolite is colorless and crystalline,

without, however, presenting any crystals; sp. grav. 2 '988. It
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is perfectly pure, as shown by the following analysis of i

tion from which the calcite was carefully separated :

Silica 38-02

Boracic acid 21-62

Lime 33-87

Water 5-61

The association of this mineral with garnet and idocrase is, I

believe, now mentioned for the first time.

The garnet is the variety cinnamon stone ; the crystals are

very large and perfect dodecahedrons, some of them being
three or four centimeters across. They have a greenish color

over the exterior, and are cinnamon-colored within or through
the mass of the crystals ; sp. grav. 3*59. An analysis of the
mineral furnished the following results :

Silica - 42-01

Alumina 17*76

Sesquioxide of iron 5*06

Oxide of manganese 20

Lime 35'01

Magnesia '13

100-17

The idocrase occurs in compact fibrous crystals of a green color,

the crystals themselves not being sufficiently distinct to exhibit
the true crystalline form. What is most singular, the idocrase

penetrates and permeates the crystals of garnet, losing itself
""

*t were in the garnet
;
passing off by such insensible shades,

impossible to say where the idocrase
the garnet begins. A large crystal of garnet, when cut in two
and polished, shows the idocrase penetrating it, like so many
green streamlets through the interior. Its specific gravity is

3 445. A portion carefully separated from the garnet gave the

following results :

Silica 36-56

Alumina 17*04

Sesquioxide of iron - - 5-93

Oxide of manganese — '18

Lime... 3594
Magnesia - - 1*07

Potash *51

Loss by heat.. 2-00

I know of no locality where the above minerals are associated
m the manner described. The fact respecting the garnet and
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idocrase is especially interesting; for while we find these
minerals frequently associated, we have nowhere else found
the crystals of the two penetrating and interlacing each other,

so as to form between them a uniform mass, yet each mineral
retaining its identity.

It can be readily understood how two such minerals as lime,

garnet and idocrase may occur in the manner just mentioned,
when we consider the formulae of the two :

Garnet, aB 34-^ 2 Si
3

Art. XL.

—

On a new method of investigating the Composite
Nature of the Electric Discharge ; by Alfred M Mayer.

In 1842, Professor Joseph Henry* observed that when a nee-

dle was placed in a helix and magnetized by the discharge of a
Leyden jar, the direction of the polarity of the needle varied
with the " striking distance" of the jar; and these observa-
tions led Henry to the discovery that the discharge was mul-
tiple, and oscillatory in its nature. In 1862 Feddersenf con-
firmed Henry's discovery, on examining the nature of the

discharge by means of a revolving mirror. Subsequently
Eood (in a series of classical researches, published in this

Journal in 1869-71-72) studied the multiple character of the

discharge of the inductorium by means of rotating discs perfor-

ated with narrow radial slits. In 1873 CazinJ also investigated
the discharge with the rotating disc. The method I have de-

vised leads us directly, by the simplest means, to phenomena
which cannot be revealed by either revolving mirror or rotating

disc. The first method that occurred to me was to attach a

delicate metallic point to a vibrating tuning-fork, and to send
the discharge from this point, through lamp-blackened paper, to

a revolving metallic cylinder, on which the paper was stretched.

We can to some extent analyze the electric discharge, in these

conditions, from the series of perforations left in the paper
in the trail of the vibrating fork. This method, though beauti-

ful as an illustration, is useless as a means of investigation

;

for the metal cylinder, the paper and the fork form a species of

Leyden jar, which is alwavs in the circuit of the particular

discharge whose nature you would investigate. The above
method, though original with me, cannot be claimed as my

*Proc. Amer. Phil. Soc.

X Journal de Physique, vol. ii

,
Pogg. Ann., vol. cxvi, p. 132.
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own, having recently found that it was devised by Donders,*

and has been used in an investigation by Nyland.f To get rid

of inductive action in the registering apparatus, I devised the

following method : A cylinder is covered wiih thin printing-

paper, and the latter is well blackened by rotating the cylinder

over burning camphor. The paper is then removed from the

cylinder, and cut into discs of about 15 cm. in- diameter.

\Vben one of these discs is revolved about 20 times per second,

it is rendered very flat by centrifugal action. It can then be
brought between points or balls, even when the latter are sepa-

rated by no more than £ mm. When in this position, the <lis-

charge between the points or balls perforates the disc and leaves

a permanent record of its character, of the duration of the

whole discharge, and of the intervals separating its constituent

flashes and sparks. To obtain the time of rotation of the disc

I use the method invented bv Young in 1807 (see his Natural

Philosophy, vol. i, p. 191). That is, I present momentarily to

the rotating disc a delicate point which is attached to a vibrat-

ing tuning-fork. The number of vibrations per second of this

fork has been determined to the last degree of precision by
means of a break-circuit clock, which seuds at each second a

spark from an inductorium through the fork's sinuous trace on

blackened paper, covering a revolving cylinder. The axis of

the sinuous line on the disc is traced with a needle point, and
then, on drawing radii through symmetrical intersections of this

axis on the sinuous line, we divide the disc off into known frac-

tions of time. The disc is now removed from the rotating

apparatus and the carbon is fixed by floating the disc for a

moment on When the disc is dry and flat,

it is centered on a divided circle, provided with a low power

reading-microscope, and the deviation of the whole
and the intervals separating its components can be determined

to the j s i
57r of a second.

Many results have been obtained with this apparatus. I de-

fer their publication until I have carefully examined them, and

have extended this research with the study, not only of the dis-

charge of the inductorium, but also of the frictional machine, of

the Leyden jar and of the Holtz machine, under every con-

dition of charged surface and of striking distance, and when the

current is flowing freely over a conductor and when it is doing

work. I here present," merely as examples of the value of the

method, the results I have obtained in three conditions of ex-

periment

* Onderzoekingen gedaan in het Phjsiologisch Laboratorium <3
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1. Discharge of large indudorium * between platinum points one

mm. apart. No jar in the circuit.

The platinum electrodes were neatly rounded and formed on

wire j% mm. in diameter. After the discharge through the rotat-

ing disc, nothing was visible on it, except n short curve formed of

minute, thickly -set white dots; but, on holding the disc be-

tween the eye and the light, it was found to be perforated with

33 clean round holes, with the ca ound their

edges. The portion of the disc! these holes

lasts ^ second, and the holes are set ci rated by intervals which

gradually decrease in size toward the end of the discharge, so

that the last spark-holes are separated about one-half of the dis-

tance which separates the holes made at the beginning of the

discharge. The average interval between the spark-holes is T£ f
second. After this portion of the discharge has passed then-

is a period of quiescence lasting about riryft
- second ; then

follows a shower of minute sparks, which forms the short

dotted line above spoken of. This spark-shower lasts ^\ T)
of

a second, and is formed of 30 sparks ; hence the a v. r; _ interval

separating these sparks is ^ jr'„ ?>- second. The intervals sep-

arating these sparks arc. however, not uniform, but are smaller

in the middle of the spark-shower than at the beginning and at

the end of this phenomenon. The spark-shower, indeed, is a

miniature of the phenomenon obtained when a Leyden jar is

placed in the circuit of the coil, and which is described below.

The above numbers were determined as the average measures

on six discs. It is here to be remarked that all of the dis-

break was held in this position until the disc had been removed
from between the points or balls.

2. Discharge of large inductorium between pi"'tin uu, poinU one

mm. apart, with a Leyden jar of 242 sq. cm. connected with the

tr-V,nn,<U< I,) tin -"•>,• ht nj CoU.

After this discharge through the disc a very remarkal

appearance is presented, the full description of which I reserve

for a more extended paper. The discharge in its path around

the disc dis.dp:t-> '(ttle .-ireles of carbon. There are 91 of

these circles, each perforated by -b 3, 2 or 1 holes. I shall here

have to adopt a new nomenclature for the description of this

complex phenomenon. I call the whole act of discharge of the

• ^i,ii,;if. Those separate aetioiK which tbnn the little

em a- .ythedi-i} ,n 'tin carbon [ d< nominate/- • -^
t::e Knoratioiis in these envies 1 «all .7 '/,/>••>. 'I li

in the above experiment lasts ,'
T
of a second. The dashes at

the beginning of tin .Iwi.aiu 'u Mantel ,. in

* The striking distance of this coil between brass points was 45 cm.
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ag™g sin second up to about the 10th flash ; after this the in-
tervals of the flashes rapidly close up, so that during the fourth
fifth of the discharge they follow at each „•„ of a second.
During the last fifth of the discharge the intervals between the
flashes gradually increase, and the last flash is separated from
its predecessor by rv\ v of a second.

3. Discharge of large inductorium between brass balls, one cm. in
diameter, separated one mm., with a Leyden jar of 242 sq. cm,

Ming, connected tvith the terminals of the secondary coil
This discharge also lasts

?
'

t second, and is similar to the pre-
ceding, except that larger circles are made on the disc by the

m of the carbon, and that there are fewer flashes,' viz.,

71. The total number of spark-holes in these flashes is 123.
Thus, there are fewer flashes than in the experiments with the
platinum points, but the total number of spark-holes is the
same in each case. Hence there is, on an average, 1 '34 spark to

with the points, and 1*73 spark-holes to each flash
with the balls.

Experiments have also been made with rotating discs formed
tized" paper, and interesting results have been ob-

ART. XIX— On the Periodicity of the Rainfall in the United
States in relation to the Periodicity of the Solar Spots ; by Pro-
fessor Joh^ Brocklesby, of Trinity College, Hartford, Ct.

The researches of scientists, especially of late, lead to the
Q that there is an intimate connection, more or less

'J'

1 ^'i I. between the solar disturbances and various terrestrial

phenomena. Thus, upon comparing the mean daily range of
the magnetic declination, and also the number of auroras ob-

ih year, with the extent of the spots on the solar disk,

^ correspondence is observed in the curves which
. tv[.iv>ent th<-c phenomena. A periodicity in the

of the Indian Ocean and AV. -: 1 .dies corresponding
vith th;it oftl smi-spr, rea is asserted by Mr. J. N. Lockyer
to have been established by Mr. C. Meldrum, Director of the
-){'

" • "gical Observaton at Mauritius, and it is claimed by
m and others that the variation in the annual rain-

nus also to the sun-spot cycle of about eleven yearn
yinous investigations likewise poiut to the inference that

tare of the atmosphere occur in
cycles of ten or eleven vear>, coincident with those of the solar
commotions.
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It is proposed in this paper to discuss the alleged connection
between the variations in the annual rainfall and the variation*
in the extent of the solar spots, as regards this continent, so
far as we have data for the same.
At the meeting of the British Association last year, Mr.

:. in a paper on the " Periodicity of Cyclones and
m connection with the Sun-spot Periodicity," remarked

as follows :
" With the help of the researches of Mr. Lockyer,

Mr. Symons and Dr. Jelinek of Vienna, I have now examined
ninety-three tab.es of rainfall for various parts of the world,
and I find that, scarcely without exception, more rain falls in

maxima than in minima sun-spot years. So far as observations
go, Europe, Africa, America, and Australia give very favorable
results. Asia is represented, however, only by three stations,

and France, which affords as yet only five stations, is the only
European country which presents results opposed to the

From the comparatively small number of the tables of
ill which Mr. Meldrum gives, and from his silence upo

subject, we may, I think, safely conclude that he did not
sub Mr. Charles A. Schott's elaborate article on the "Rainfall
in the United States," published by the Smithsonian Institu-

tion, a work which embraces abstracts of records of aqueous
tion from about twenty-two hundred stations. The
fcions, therefore, of Mr. Meldrum, so far as this country

is concerned, may be regarded as incomplete.
As the following discussion is based upon Mr. Schott's tables,

it may not be amiss to state briefly in what manner they have
been so constructed and arranged that the variations' in the

annual rainfall throughout the United States admit of ready
comparison with the changes in the extent of the solar spots.

From the whole number of stations whose mean annual rain-

falls are respectively recorded, Mr. Schott selects one hundred
and seven, which, on account of their extent of record, involve
the smallest probable errors in their average rainfalls; and he
then ascertains the ratio of each annual rainfall to the average
yearly rainfall for every one of these stations. The period of

record of these stations extends, with greater or less intervals,

from 1799 to 1867.
To free these ratios from accidental irregularities and to ex-

hibit the nature of the fluctuations from year to year more dis-

tinctly, the author unites them in groups, formed of stations

where the annual rainfall appears subject to the same laws.

Group I is composed of stations on the Atlantic sea board, ex-

from Maine to Virginia. Group II comprises the

State of New York, and adjacent parts of Canada, New Hamp-
shire, Massachusetts and Vermont

;
group III includes parts
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part of Missouri; group v is tormea 01 tne mctian Territory

and Arkansas
;
group YI comprises Louisiana, Alabama and

West Florida
;
group VII comprehends the sea-coast from Vir-

ginia to Florida, and group VIII includes the sea-coast of Cali-

fornia.

In these groups the percentage of the mean amount of rain-

fall is tabulated for each year of observation, the longest period
of record extending from 1804 to 1867.

From the data thus afforded curves are constructed which
present to the eye the annual fluctuations of the rainfall over
the vast region embraced by these groups. Mr. Schott speaks
briefly of the connection between the solar disturbances and
the rainfall, stating that the rain curve for 1837-8 shows a de-

cided minimum in precipitation, when there was a marked
maximum of solar activity; but that the two phenomena lead
to an opposite conclusion about the epoch of 1855-6 ; a mini-

mum of rainfall then occurring with a minimum extent of sun-

:::
3 supposed connection.
Under these circumstances, it appears, therefore, desirable, in

order to detect what connection, if any, exists between the fluc-

tuations of the annual rainfall and the variations in the extent
of the solar spots, that these phenomena should be compared
either year by year, or by groups of years ; and this it is now
proposed to do.

Taking Dr. Wolf's table of the relative extent of sun-spots
for each year, within the period from 1804 to 1867 inclusive,

in which period the yearly percentage of the average rain tall is

also given in Mr. Schott's table of territorial groups, two
methods of comparison can be employed if we wish to ascer-

tain whether an annual excess of sun-spot area is attended by
an excess of annual rainiall. and vice versa. The first mode is

to take the average of the numbers representing the relative

extent of the spots for the period mentioned, viz : from 1804
to 1867, then to note the years in the period that are above or

below the average ; and next to place the percentage of the

mean annual rainfall opposite each year. We can thus detect

whether an excess of sun-spot area in any year is marked by an
excess of rain and deficiency of the former by a deficiency of
the latter, or whether no such law exists. The second method
is that adopted by Mr. Meldrum, who makes the comparison
hy forming quinquennial sets, taking two years on each side

of the maximum year for a maximum set, and two on
each side of the minimum year for a minimum set ; or where
this is not possible, a triennial group is formed.
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Proceeding by the first method, it is found that the average
sun-spot area for the period extending from 1804 to 18*57 inclu-
sive is denoted by the number 38. Taking now each vear of
this period, the year is printed in heavy or light type, accord-
ing as the number representing its sun-spot area 'is greater or
less than 38; heavy type indicating an excess and light type a
deficiency. Each year is then also marked plus or minus from

- -

fall is above or below the mean.
b

This being done, we have the following results. In group I,

comprising the seaboard from Maine to Virginia, there are
twenty-nine years in which the sun-spot area is above the aver-
age. In seventeen of these the rainfall is in excess, in ten
below the average, and in two equal to it. In this group there
are also thirty-five years when the sun-spot area is below the
average. Out of these there are sixteen years when the rain-
fall is in excess and nineteen years when it is below the mean.

In group II, comprising the State of New York and
parts of Canada, New Hampshire, Massachusetts' and Ver-
mont, there are twenty-five maxima sun-spot years. In fifteen
of these the annual rainfall is in excess, in nine below the
mean, and in one equal to it. There are also in this group sev-
enteen minima sun-spot years, and in these t ,. mini; ! is in

excess seven times, below the mean eight times, and equal to it

In group IV, a region embracing the Ohio Valley, Ohio, Indi-
ana, Illinois, Kentucky, and part of Missouri, there are twenty-
five years of excess of sun-spot area, and in thirteen of these
the rainfall is in excess of the mean, in twelve below it, and in
one equal to it. There are also in this group twentv-five years
when the extent of sun-spots is below the average, and in nine
of these the rainfall is above the mean, in fourteen below the
mean, and m two equal to it.

The tables of precipitation belonging to these three groups
are regarded by Mr. Schott as tok-ml,lv trustworthy, and the
results of the comparison show a tendency on the whole
toward an excess of rain when there is an excess of sun-spot

vice versa. Yet we meet here with marked anoma-
lies; for m the period from 1818 to 1826 inclusive, which are
years of deficiency in solar activity, six annual rainfalls out of
the nine are above the mean

; and from 1835 to 1840 inclusive.
which are years of excess in the sun-spot area, all the annual
rainfalls m the three groups are below the average, except in
one instance. Moreover, as we see by the table, years of excess
and deficiency of rainfall are found as well in the periods when
the sun-spot area is above the mean as in those where it is

below it.
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Passing now to the other territorial groups, the results from

which are to be regarded as only rough approximations toward

the truth on account of the insufficiency of the stations, we
obtain the following results from all these taken together. In

the years when the extent of the spots is in excess, the annual

mi n't 'nil is above the mean thirty-five times, below it thirty-

seven times, and equal to it five times. In the years when the

sun-spot area is below the mean the rainfall is below the aver-

age thirty-two times, above it twenty times, and equal to it six

Taking now all the groups which embrace so large a portion

of the United States, we obtain the following results in refer-

ence to the subject before us

:

Sun-spot area.
,

From 1804 to 1 805 inciu>i\Vi.
:: above the mean, : 1

" 1806 to 1815 below « « 6 : 4

" 1818 to 1*26 below " " 6: 12

" 1827 to 18.11 2 : 4

" 1832 to 1834 below " " 5 : 1

1840
" 1841 to 1 845 below " "

above * "

12 : 19

31 : 18

8 : 28

" 1858 to IS64 abo^e " " 31 : 15

1867 15 : 3

, that
,

HandFor the reasons already stated, namely, .—. B-~-r-

IV. are only to be regarded as trustworthy, and that the rest

give but rough approximations, the above results must be

taken with irreat allowance. As they stand they are lull of

-. about half the results favoring and the rest contra-

dicting the law which is supposed to exist between the rainfall

and the extent of the sun-spot area.

The results obtained by this first method of comparison are

exhibited in the annexed table. (Table I.)

The second mode of investigating any relation which may

exist between the annual fluctuations in the extent of the solar

spots and the variations in the yearly i

ing groups of years, by taking one or t

i and minimum year of any sun-spot pen
" of the spotssecular period

l each side of

eriod. As
eleven years,

quinquennial grou] allv be formed of maximum a

f sun-spot area! When the period is short,

be taken. This is the method adopted by
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Table I.
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in respect to

its mean, is found for each set of years for the regie

prised in the I, II and IY territorial groups of Mr.

tables. The results obtained are shown in the followii

(Table II.)

In this table we have five maxima sets of years

minima, as respects the extent of the sun-spots. In

territorial oToup. comprising the sea coast from Maine

ginia, the results in the maxima years conform to 1

posed law three times and twice are uncoc
minima years they are four times conformable and i

conformable.
In the second territorial group, embracing New io

and the adjacent parts of Canada. Massachusetts ai

Hampshire, the results in the maxima years agree v

law twice and disagree twice, and in the minima yes

accord with the law twice and are opposed to it one

observations in this group extend over only four

and three minima sets of years.

In the fourth territorial group, comprising the Ohio

Ohio. Indiana, Illinois, Kentucky, and part of Mis.-

•ns extend over four maxima and four min

d New
ith the
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?
years. The results in the maxima sets conform to the law

nee and twice are unconformable, while in the minima sets
? years they are in accordance with it three times and are

afavorable once.

,ni,. ,

''"':
the mean znnual rainfall and expressed in the percentage of the latter.

l|!i
1 II. | IV.

Sea
to°v!r^

aine s#§l?
TOTAL.

1810 minimum [
1811

-•02 -02

1812 J

1814
"J

1817
1818 J

-•31 -•31

|s| mi„imm
|

-» + •22 -•08

1829 \

1831
)

+* « -,, + •25

-•22

1835 I

1838
[

1839 J

1842

-•03 -•60

-•04

1847
1848 maximum I + ,6 -•05 + ,3 •54

1850
J

1850 minimum I -•02 + •02 -•14 -14

1858 1

1859
186 1 maximum I

1861
« + •21 + •21 ~
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If w e now take the sum of tl e re suits, embracing all the

three t srritorial gro ips, it is seen in the five maxi mi sets

•s there is an ,:';:' three times anc a deti-

twice, and tl at in the five s there

is a de iciency five t imes, the resu t b<

to the imposed law

Yet lllli.l these , esults striking malies are found

the ma years extend no- om 1814 to 1818, there

ficiency of 3 per cent of the i lean: and from >:;:. to

1839, i diich are mai ima years, the th uphill

present results belovi the mean, the irst giving -'03, the

-•60, nd the last -- "55.

ew of the results obtained i these two mode of in-

tion, I think we mi
worthy observations have "been m ale throughout the United

States. ig between the va

in the un'-spot area and those of the innual rainfall, tl e rain-

Art. XLII.

—

On Serpentine Pseudomorphs, and other 'duds,

from th, Tdl,, lu^trr lr , !///, J'-i >><> (<>., Xt> > ork : by

James D. Dana. With plates VI and VII

[Continued from page 381.]

5. Pseudomorphs after Chondrodite.

There is little of the massive <.hou h..div <>i tb< 01. 1 .«]

that is not penetrated throughout with -ein.-uii
.

:
.

-

it is so thorough- *.. that it would l>e uifhVult : •
s

n analysis, while some of it is wlmlh

The ehondroditic rock, even that in the mine before u, iym- a at.

is often so fragile, from the alteration wh eh it - as u ider-one,

that it falls to pieces easily when
U ndrodite

becomes
6

p!.:
~ liow and gravis! green

and finallv i to whitish; while tb< a

variety, which contains more iron, becomes

some unalter, i . - i li i -> -

flnaMv . . -n. Much ,.i th.

'"^ serpen---
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Among the specimens, one kind is a dark olive-green ser-
pentine marked with pale bluish green spots a sixth to a fourth
of an inch across. The spots have a darker green center, and
hence look a little like concretions

; but some of them toward
one side of the specimen are partly unaltered c
and thus prove that all are derived from the alteration of this
mineral. The chondrodite was disseminated through another
mineral which is now the dark green serpentine; and this
other mineral may have been granular chlorite. The speci-
mens consist in part of dolomite, and this dolomite is also
spotted with the pale serpentine, just as dolomite ofte
unaltered chondrodite.

Other specimens are a massive granular dolomite sprinkled
with large grains of serpentine, but with some of the grains
on one side stdl chondrodite, either wholly or in part, and,
also, with some of the serpentine grains having the crystalline
form of the chondrodite, leaving no doubt as to their pseudo-
morphous character. The specimens are very similar to others
Irorn Amity, Orange Co., New York, in the cabinet of Profes-
sor Brush.
Xn mineral in the region is so generally altered as the chon-

drodite. Its crystals haw withstood the change better than
tli- inas,ive kinds because of their hard nature and polished
suriaces; but these, wherever reached bv the serpentine, are

";';!
!
v it. besides being enfeebled in lustre. A

covering of chlorite has been no protection, as this was almost
as easy of change as the chondrodite : and only the crystals
under crystallized dolomite or brucite retain their brilliancy.

6. Pseudomorphs after Enstatite.

The large fibrous masses of enstatite often have the exterior,
or else one end, changed to a dark green serpentine; and from
the serpentine end there is a gradual transition to the unaltered
enstatite. Besides these cases of incomplete alteration, other
specimens are serpentine throughout. In one of the specimens,
the ends of the crystals, consistinir of dark green serpentine,
project from a lamellar pale green serpentine ; and the latter is

ted by the dark green variety in columnar forms.

has undergone the same change
as the fibrous. The green color of the serpentine from both is

dark, owing to the amount of iron present; and, when the
change is most complete, no trace of the original cleavable or
fibrous structure is left.

7. Pseudomorphs after Hornblende.
The coarsely crystalline massive hornblende, of greenish-

black color, occurs altered to serpentine; part still showing its
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original crystalline composition, and having the external char-

acters of schiller spar, and other portions, where the change

is more complete, being devoid of all structure, and true

serpentine.

The serpentii

green color as that from the enstatite, and thus c

from that derived from the alteration of ripidolite.

8. Pseudomorphs after Biotite.

The large grayish-black or brownish-black masses of biotite,

the plates of which are 3 or 4 inches across, are sometimes

changed to a dark green serpentine. The transition from the

unaltered part of a plate to the altered sometimes takes place

through the intermediate stage of a chlorite—the folia becoming

green and inelastic; then, beyond this, they are purely ser-

pentine, and lose finally all traces of the micaceous structure.

As the mineral resembles the chlorite in having cleavage joints,

though less open, the change has often been limited by divi-

des; and the altered end of a group of plates looks

sometimes like a mere juxtaposed mass of serpentine. But the

structure and surface lining of the biotite may in some parts

be traced into the serpentine.

9. Pseudomorphs after Dolomite.

The dolomite of the ore bed is in some parts changed to ser-

peutine of an apple-green color. The specimens of dolomite

sprinkled with dark-colored spots of serpentine derived from

lite contain some apple-green serpentine derived from

dolomite—the passage of the dolomite grains into the serpen-

tine being distinct. In other cases imbedded masses of dolo-

mite have the exterior for a fourth or a half of an inch changed

to apple-green serpentine, while the interior is unchanged
;
the

cleavage planes of the latter may sometimes be traced a little

ways into the former, but for the most part the serpentine has

the ordinary massive or structureless character. Such serpen-

tine effervesces for a while in dilute hydrochloric acid, owing

to a portion of dolomite still present.

10. Pseudomorphs after Brucite.

One of the imbedded masses of dolomite having an exterior

of apple-green serpentine—about two by three inches in its

dimensions—contains fibrous brucite distributed through a

portion of it, and wholly replacing some of it-as more particu-

larly described beyond (p. 453)—and this brucite has partici-

pated in the change to serpentine undergone by the dolomite.

The fibrous structure of the brucite may here and there be

traced into the serpentine.
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11. Rectangular tables or plates after an unknown mineral.

(1.)^General structure.—-Figure 8. on plate vn, represents, en-
; iv-

1
ten diameters, a small per: i:

-

t ,
,,,i is ot

«

an inch
broad) of a pseudomorphous muss ol , rpen tine which is two to
three inches thick. Thin green plates are distributed through
a grayish white or whitish base. Transverse sections of the
thm plates are shown in this figure; their t
between a hundredth and a sixth of an inch,
the sections are generally very exactly rectangular

\ buVsome
of them have various oblique angles, as shown in ficrs. 116, c.
d e, and occasionally they are six-sided (fig. 11a)—forms which
obbque sections of rectangular tables would have.
The thin plates are really portions ol crystals' dissected out

or developed in consequence of the existence of deavaov-joints
«t in the same manner as has been exem-

plified in npidolite (,,. 8*1), and in the cubic pseudomorphs
(p. 61o) hov a group of such plates is sometimes united at
one end, or elsewhere, into a single thick plate, as illustrated in
different parts of figure 8. Thev are those plates or blocks 6*
a crystal m which the alteration has not gone so far as to
obliterate all the color of the origin; ! miner; !. while the white
layers between, consisting of whitish serpentine, are the blocks
or portions in which the change was carried to the removal of
all coloring matter. Even these green plates show
their interim that tlay an parti v chained to the
tine; for, as figure 8 shows, the sections are spotted ir

or greenish white, and sometimes have an even line
of wm te serpentine along the mi .

:irt j ;( l PM l,.

division of the plate.

In the specimens there .are a few examples of a projecting
s,,ll,i ! -" '»rs.,lidedge.(,t a t „!.,, crvstul ; ,n,d one of these

ged ten times (like fig. 8) in fig. 9. The
edges are rectangular. The upper surface, or that parallel ta

:
of perfect cleavage, is a little paler in color than the

others. Moreover, the suri a,
-, whih < ,o,-,th ami even is faintly

striated m one direction : and the lateral plane inward v.l.i.-'h

these striae point is horizontal I v striated. in the lateral sur-
faces of the same tabular crystal there are white lines or
rectangular patches, which are the edges of some of the white

the interior. At the bottom, and also at
right, there are alternations of green and white

J

\l
B " spond to the green and white plates of fig. &

lie planes m the pseudomorphous mass are often p;

ncknessoF a third of an inch, and rarely
a bal*

;
. ^n^U^ toward one

another, and some are bent or contorted. Small porl
massive serpentine.
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The condition of another portion of one of the specimens is

shown in fig. 10 ; it represents a polished surface, four-tenths

of an inch wide, enlarged about ten times. (To avoid errone-

ous deductions from the figures, the amount of enlargement
should be kept in mind.) The rectangular forms are here

shown and also various grades in the pseudomorphous change,

from that of dark green serpentine to grayish green, bluish

white, and white.

(2.) Clouded band encircling the plates.— About the green

plates, and nearly parallel to their surfaces, the whitish serpen-

tine is often marked with a clouded band, which deepens in

color away from the plate, as illustrated toward the left and
right sides of fig. 8 and also in fig. 10. The color of these

bands is sometimes as dark as that of the green plates ; but it

is generally paler; and sometimes of a faint bluish shade, :

shown in the whitish areas of fig. 10. A portion of one of the

dissected plates with its encircling clouded band of green is

shown, enlarged 10 times, in fig. 12 ; the color in this case was
dark green, as represented.

(3.) Air-cells.—Another remarkable feature of these pseudo-

morphs is the existence of air-cells in great numbers in the

whitish serpentine, alongside of many of the plates. They
are sometimes directly in contact with the green plates, and
then may be seen through them when a fiat surface is exposed,

as in one of the upper plates of fig. 9. Fig. 13 represents

such a surface uncovered, magnified 10 times. They are often

in considerable numbers along the outer edge of the clouded

band just described. In fig. 12, the outside dots are the posi-

tions of these microscopic air-cells. Tbe margin of the clouded

band in the right half of fig 8 has numerous air-cells in the

specimen. Owing to the great nunfbers of these minute air-

cells, the pseudomorphous" mass is light, about a twelfth of the

-. A . m i o ling to trials made for me by Mr. George

\Y. 11 awes, assistant in the Mineralogical Department of the

Sheffield Scientific School of Yale College, the specific gravity

before the included air is expelled is 2 -30, and, after its expul-

sion by simple boiling in water, 248.

(4.) Composition.—The pseudomorphous mass is serpentine,

both the green portions and the white, as shown through an

analysis by Mr. Hawes, who has given me the following state-

ment of his results.

"The analysis, made on an equal mixture of the green and

white, afforded— SiO . 41 -80

A1 2 3
0-95

FeO 4-65

MgO 38-55
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The oxygen ratio for R, Si, % is 3 : 4: 2-3. The materials of both
the green and white portions is, therefore, serpentine. The dif-
ference in color is occasioned by the presence of iron in greater
quantity in the green, as is shown by igniting fragments, when the
green turns black and the white is unaltered; the green gives a
deep iron color to the borax bead and the \\ hit. ..nl'v a faint iron
reaction. The solution of the different minerals points to the

1'rence."

(5.) Conclusions.—The following conclusions flow from the
facts that have been stated.

1. The original mineral was crystallized in tabular rectangu-
lar forms, and, as the striae and angles show, was orthorhombic.

2. The tabular crystals were half an inch and less in thick-
ness, and probably were imbedded in an uncrvstallized mass of
the same composition.

8. Cleavage was very easy parallel to one of the planes, the
basal plane of fig. 9, and much less so parallel to one or both of
the others ; and as the subdivision into blocks or plates by
pseudomorphism shows, there were many cleavage-joints.

4. The color was dark green or greenish black ; but perhaps
paler on the basal plane.

5. The crystals had considerable luster, some still remaining
on the striated surface of the green plates.

6. The specific gravity was low.
7. The mineral contained some protoxide of iron ;

the
clouded bands that border or encircle some of the plates Lave
been produced through the escape of coloring matter from the
green plates while the alteration was in progress; and this

coloring matter contained iron. Moreover, the various serpen-
tine pseudomorphs of the Tilly Foster Iron Mine are never
dark green, except when the original mineral contained con-
siderable iron.

ed also some material that escaped as a gas—as

the cloudedcells alongside of the plates and—».„« Buun , me air-cells are in the white serpentine aim m/«
often in the green. There are no facts in connection with
pseudomorphs after chondrodite (a fluorine-bearing- mineral).
or after dolomite (a carbonate), to indicate that either fluorine
or carbonic acid was the gas that escaped.

9. The mass of the original mineral was, to a large extent,
pressed out of shape, while softened during the pseudomor-
phic process, thereby displacing the plates, and in some parts

contorting them and"producing much confusion.
10. The white serpentine often occupies more space than the

original block that was changed into it; for the green plates
have sometimes been diverged by it, or pressed apart. This

" - the escaping gas alluded to, swelling
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11. As to the original mineral, the only additional remark I

now venture to make is that probably it was not any known
mineral species. Chrysolite is orthorhombic ; and has cleav-

age in one direction rather distinct, becoming more so and open-

ing as alteration advances; and also it is green and contains

protoxide of iron—many charaeteristies in favor of its being the

original mineral. But it has no ingredient that could have
produced the air-cells by its escape; and no observed facts

authorize the opinion that its crystals and crystalline masses

could have been resolved into tables like those in the pseudo-

morph here described.

Anhydrite is orthorhombic and has a perfect cleavage in one
direction, but it has good cleavage in other directions also ; and
it contains no iron and no ingredient to escape as a gas.

B. PSEUDOMORPHS CONSISTING OF BBUCITE OB HYDRATE OF MAGNESIA.

12. Brucite Pseudomorphs (?) after Dolomite.

Brucite is sometimes found making a thin covering over the

exterior of the masses of chondroditic rock, like the serpentine,

and also constituting plates in fissures an inch or so thick,

in the interior of which there are occasionally good crystal!'

tions of the mineral. Such facts show that it is there a s

ondary product, resulting from the alteration of some mag
sian mineral in the ore-bed, for it is not among the constitue

of the rock-masses ; and also that it was formed cotemjx

neously with the serpentine.

It is also found, as has been stated, constituting with dolo-

mite the filling of veins in the ore-bed, the filling being some-

times part dolomite and part foliated brucite, one interpene-

; -taiiizations of chondrodite, and each contains isolated
;
the other. In such cases both minerals cover splendem

crystallizations of chondrodite, and each contains isolated crys

tals of the same mineral equally splendent. The brucite effer

,
owing to the presence in it of some dolo-

One of the specimens, alluded to on page 449, is an imbedded
mass made up of dolomite and a fibrous mineral winch is prob-

ably brucite; much of the dolomite is penetrated with the

brucite ; moreover, as stated on the page referred to, both the

dolomite and brucite are altered, over the exterior of the mass,

to serpentine. The fibers of the fibrous surfaces cross at angles

of 60° and 120°, and minute stellar forms occur in some parts

of the dolomite. The fact that the fibrous mineral is essen-

tially brucite, as suggested by its crystallization, i-^snst ined

by a partial chemical analysis made by Mr. G. W. Hawes.

He found it to contain a trace of silica, arising probably,

Am. Joub. Sct.-Thibo Sebies, Vol. VIII, No. 48.- Dec, 1874.
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he suggests, from mixture with a little serpentine. The rest
was soluble in boiling acid, though with more difficulty than
ordinary brucite.

The above observations lead to the following conclusions.
(1) That the brucite in the veins of the ore-bed was made out
of dolomite, one of the constituents of the ore-bed ; but (2)
that its production took place at the time of the crystallization
of the dolomite of the same veins, and while chondrocyte iraa
in process of crystallization, and probably during the period
of metamorphism. Hence the case is not one of true pseudo-
morphism, that is, of alteration of crystals of dolomite to bru-
cite, yet still the brucite was formed out of the dolomite of the

Qg rock.

(3) For the brucite associated with serpentine over the
blocks of the chondroditic rock of the ore-bed, the origin was
of later date, the epoch of the serpentine changes, but proba-
bly the same in kind.

& V

The change of dolomite to brucite, under the action of heat
and moisture, or heated mineral solutions, loses part of its

extraordinary aspect, when it is remembered that, by Pattin-
son's process for obtaining magnesia, the subjection of dolo-
mite to heat separates the carbonic acidfrom the magnesia portion,
leaving the carbonate of lime intact, and then the :

is removed by carbonated waters.

13. Magnetite Pseudomorphs after Dolomite.

Dolomite often occurs in the cavities or veins of the ore-bed
in groups of rhombohedral crystals, which are often of large
size; these crystals are more or less completely changed to

magnetite. Among the crystals occurring together on a single
specimen, some are frequently all magnetite; others so only
at surface, or along an edge, or an angle, or one side ; while
others are wholly unaltered. Crystals having a magnetite ex-
terior are occasionally two to three inches in their dimensions.
The change to magnetite took place by removal and substi-

tution. The unaltered dolomite crystals of a specimen have
always an eroded surface, and generally look as if they had
been much reduced in size by a removal of the exterior. The
change evidently began in each case at the surface, but not in
all cases over all the surface planes at once ; and sometimes it

extended down into a crystal along rifts. The magnetite of a
rhombohedral face shows its 1 us ia turned to

... , y.

indicating that the deposition b points and
spread laterally

; the group formed from each such center hav-
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ing the crystalline grains in like position, and therefore being
simultaneous in their reflection of light to the eye.

These magnetite pseudomorphs are often buried under ser-

pentine, while at the same time the serpentine has sometimes a
crust of dolomite. Hence their formation was succeeded, sooner
or later, by other chemical depositions, that of serpentine, and
afterward that of dolomite.

14. Magnetite Pseudomorphs after Chondrodite and other

On specimens similar in character to those affording magnetite
pseudomorphs after dolomite, there are implanted crystals of
chondrodite, some of which have a thin coating of magnetite,
and others in which this coating is relatively thick : while the
surfaces of chondrodite exposed to view are very rough, as if

eroded. There appears to be little doubt that, as in the pre-

ceding case, there was a removal of the exterior of tl,

while the deposition of the magnetite was going forward. All
ility of such a removal is taken away by the oc<

rence of pseudomorphs of dolomite after chondrodite (p. 456)
There is abundant evidence that magnetite was freely de-

posited during the progress of the changes that have been
above described.

The whitish and greenish serpentine derived from the altera-

tion of chlorite and other minerals has sometimes a black c~

blue-black color, owing to the thick dissemination of magnetite
in minute grains ; and the serpentine pseudomorphs after

chlorite might, in some cases, be rightly called serpentine-and-

magnetite pseudomorphs; and so for some other serpentine

pseudomorphs. By pulverizing this black serpentine and ap-

plying a magnet, Professor Brush proved that the color was
due to magnetite. A thin section of the black serpentine

showed under the microscope that it was simply a distribution

of black grains in serpentine, some white translucent spots of

serpentine appearing in the black area, and the grains were
extremely minute. The cubic pseudomorph described on page
375 has over it spots of blue-black which are of the same ori-

gin. One large crystal of chondrodite (18 inches long), coated

vereil with some of this black serpentine,

ite and that of the serpentine were

at the same time. In other cases of such secondary

deposits, besides the magnetite in fine grains there are distinct

magnetite crystals, and even those of large size.

Bbelmen has shown late of lime is brought

r< m heated to fusion, magnetite is

deposited. At the Tilly Foster iron mine, carbonate of lime-

* Comptes Rendus, xxxiii, 555.
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and-magnesia (dolomite), and solutions containing iron silicates,
were together, and in all probability at a very high temperature.
Hence we may reasonably conclude that under such circum-
stances the magnetite was deposited.

D. Pseudomorphs consisting of Pyrrhotite, or the Sulphide of Iron FeS.

15. Pyrrhotite Pseudomorphs after Serpentine.

The thin plates in the pseudomorphs, No. 11 (p. 450), some-
times consist, in part of the specimen, of pyrrhotite instead of
serpentine, and the pyrrhotite was substituted, not for the
original mineral of the plates, but for the serpentine of which
those plates now consist ; for the plates were first made with
t: i p ntervening layers of white serpentine before pseudo-
morphism took place. Eifts in the white serpentine of the
region are occasionally occupied by pyrrhotite—a fact that
proves it to have been one of the later products. The altera-
tion of the green plates, and not of the intervening white ser-
pentine, may have been owing to the presence in the plates
still of some iron.

E. Pseudomorphs consisting of Dolomite.

16. Dolomite Pseudomorphs after Chondrodite.

Implanted crystals of chondrodite occur sometimes with an
exterior or crust of dolomite ; and on the same specimen other
ervsl tls, of the form of the chondrodite, consist wholly of dolo-
mite. The chondrodite is rough and looks as if eroded ; and
the complete substitution of dolomite for it proves that the
deposition of dolomite took place concurrently with the re-

moval of the chondrodite. The crystals that have a coat of
dolomite, and those that are all dolomite, have the same size,

which proves that the deposition of the crust was attended with
a removal of chondrodite, and probably an equal bulk of it

The dolomite was chemically examined and proved to be this

species by Professor Allen. It is a concretionary kind, such as
is found as a crust over the serpentine of some specimens.

Crystals of chondrodite coated with magnetite (No. 14) occur
on the same specimens with these dolomite pseudomorphs after
chondrodite

; and the corroding and removal of the chondrodite
was probably effected in the case of both by the same chemical
agent.

4.—Conclusions and Kecapitulatton.
The facts are here recapitulated, partly that they may be

convenient for consideration by the chemist, and with the hope
that they may bring out an explanation of the chemical condi-
tions by which the changes were brought about.
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1. Changes during the epoch of Serpentineformation.

1. All the common minerals of the ore-bed, excepting the
magnetite, that is, the chondroo ride, ripufo-

rive chlorite, dolomite, biotite, and also the uncommon
kinds, apatite and calcilr, and two other species yet undetermined,
occur changed to serpentine. The diversity of the minerals
thus acted on gives augmented force to the remark in the open-
ing part of this memoir, that the ore-bed had apparently been
steeped in heated solutions or vapors ; and that the moisture or
vapors had great dissolving as well as decomposing and recom-
posing power.

2. The vast amount of fracturing undergone by the rocks of
the ore-bed indicates a source for all the heat required for the
various chemical changes—even if it were over 1,000° R—in
the transformation of motion into heat; and if this was the

f serpentine production and pseudomorphism
diately upon the fracturing.

3. The reasons for so extensive magnesian changes in the ore-

bed are the following : 1. The fact that the mineral constitu-

ents—the magnetite and the traces oi sulphides and apatite

excluded—are all magnesian minerals. 2. The fact that

it species—it being (1) a mineral
that is easily decomposed by acids, and <2) one that would have
yielded up fluorine to increase the decomposing power of the

working moisture; and (3) one that is extremely brittle, in

consequence of which it became broken into bits, and thus was
opened throughout to the vapors set in action. The chondro-
dite is the constituent of the ore-bed most extensively altered

;

that next, the ripidolite and the massive chlorite; the next, the

enstatite and hornblende ; last, the dolomite.

4. The serpentine derived from the ripidolite is usually white
to pale gray-green in color, partly because the amount of iron

present is not large, and also because the loose aggregation of

the folia gave a chance for percolating waters to drain off the
iron

; that from the dolomite is apple-green or gray-green ; that

from the pale chondrodite grayish ; but that from most chon-
drodite bluish-green to smoky blue ; that from the granular

chlorite and from the enstatite, hornblende and biotite— all

eminently iron-bearing species—dark olive-green.

5. The production of the serpentine was accompanied by the

production of magnetite in grains and crystals (p. 454); of dol-

omite in crusts and crystals ; of brucite in coatings and crystal-

lized plates filling fissures (p. 453). It was accompanied also

in some places by the removal, through solution, of chondrodite
and dolomite, and the concurrent substitution of magnetite

(p. 455), or by the solution of chondrodite and the concurrent

substitution of dolomite (p. 456).
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6. The era occupied by the serpentine-making and the accom-

panying changes may have been long ; and yet there are no
facts that definitely prove this. The great extent of the change

suggests that it was long. But the successive depositions of

serpentine and other such changes may have been effected

without any great lapse of time. An example is afforded by
the specimen containing the cubic pseudomorphs (fig. 1), it

having serpentine of two separate times of formations, and

affording evidence of the deposition of the cubic mineral be-

tween the two. In other specimens dolomite crystals are cov-

ered with (or converted into) magnetite ; then are overlaid by a

layer of serpentine; then by crystals or a crust of dolomite;

and this by a second deposit of serpentine : yet these and other

like cases prove nothing as to whether the time elapsed was

long or not in a geological sense.

7. In the serpentine pseudomorphs after minerals having

cleavage-joints, the pseudomorphism usually went forward by
blocks bounded by the cleavage-joints. The change, begun in

any point, spread as far as the first cleavage-joint, and there the

am of air encountered proved to some extent a barrier

to farther progress so that the block was finished out com-

plete before proceeding to the next : as in the cubic pseudo-

morphs (p. 375), chlorite (p. 381), biotite, and the mineral de-

scribed on p. 450. Hence side by side positions of altered and

wholly unaltered portions are common in such minerals. This

law must be a general one for pseudomorphie changes.

This fact of alteration by blocks or layers may have some
bearing on the origin of the masses of in'terlaminated serpen-

tine and carbonate of lime which go under the name of Eozoon,

that is, if thev are not of organic origin.

8. The facts at the Tilly Foster iron-mine afford an example
of the production of serpentine, not by the help of the mag-

nesian waters of the ocean or springs, but through the altera-

tion of magnesian minerals. It is true that the serpentine of

the fissures is not all of it properly pseudomorphous, since part

is a deposit at a distance from the crystal or crystalline mass

that afforded it But it is all a result of the alteration of mag-

2. Changes during the epoch of Metarnorphism.

The crystallization of the chondrodite, and of most of the

magnetite and dolomite, belongs (1) to the period

(pre-Silurian) when the Archaean rocks, the ore-bed included,

were crystallized or rendered metamorphic; and (2) to the

time of formation of the small intersecting veins, which oc-

curred probably during the epoch of metarnorphism.
The chondrodite crystals implanted on the walls of the veins
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are usually accompanied by implanted crystals alsoofripido
lite and magnetite, and sometimes by those of dolomite. Th<
chondrodite, ripidolite and magnetite of the veins 'are often
overlaid by a crystallization of dolomite afterward introduced

'immediately afterware"

i crystals of ripidolitt

and rarely are imbedded in a crystal of chondrodite ; bril-

liant crystals of chondrodite occur /,-v,w
;W in t Ik- dolomite and

in the brucite; and grains and crystals of magnetite are often

imbedded in the dolomite: showing that all these minerals
were made, at one epoch, and together. The crystallization of
most, but not all, of the chondrodite of a vein preceded ihe
deposition of the accompanying dolomite.

3. Pseudomorphism not "Envelopment."

One single writer on pseudomorphism, Prof. T. Stern Hunt,
speaks of most pseudomorphous silicate.- .-,!.:•'.- minerals, the

serpentine pseudomorphs especially, as cases of u envelopment"
that is, mixtures made by contemporaneous crystallization—

a

term borrowed from Delesse, but employed with a changed use
The Tilly Foster iron-mine, like other localities, affords ser-

pentine-pseudomorphs after chondrodite, chlorite, and other
minerals that are pure serpentine; which, therefore, envelop
nothing and are enveloped of nothing : and to which, there-

fore, the idea of " envelopment" has no application. They are

the final results in a change to serpentine, the steps

of which are illustrated, and admirably so, by various inter-

mediate specimens.

[On this important question in American geology, Mr. Meek h.

_ resented a learne ""
"

which we cite the

presented a learned discussion in Hayden's Report for 1872, from
uch we cite the following facts.—Eds,

j

According to the observations of Mr. Meek, in each of the ter-

ritories, Utah, Wyoming and Colorado, spe<

prohlemntiem occur at different levels in th<

full of good iM
:ind ahove the main .-oal Led. through a ran ire of heds having in

all a thickness of 4,680 feet ; all but 400 feet of this series lie

above the great coal bed. Moreover, none of the specimens of

Im-cm-amu— which are mostly cast— !»* -a r any evidence of having
heen washed out and transferred from an older formation.

Bi sides !. n > m% - at different levels, there is a species of Gyrodes,
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G. depressa, over 400 feet above the same coal bed near Coalville

;

and also, in other localities, a species of Anchura and one of Cypri-

mera, Cretaceous genera.

With ] _
Green River in Wyoming), from Black Butte northwestw
Salt Wells Station, on the Union Pacific Railroad, Mr. Meek is

less positive. His conclusions are given in the following para-

graphs here cited from his paper.
" The entire absence among the fossils yet known from this for-

mation of Baculites, Scaphites, Ancyloceras, Ptychoceras, Ammo-
nites, Gyrodes, Ai)fhw>t, [,<>,< r/,», /s % and all of the other long

list of genera characteristic of the Cretaceous, or in part also

extending into older rocks, certainly leaves its molluscan fauna

with a strong Tertiary facies. Nor can we quite -

explain this away on the ground that the water in which this

series of rocks was deposited partook too much of the character

of that of an estuary, to have permitted the existence of any of

these marine genera, because we do find in it the genus <2atr«a,

Anomia, and Modiola, which probably i quired water salt enough
to have permitted the existence of Inoceramus, AnokurQ, au ' 1

Gyrodes, if not of some or all of the genera mentioned above.

Indeed, at Coalville, we find Inoceramus associated with some
brackish-water types, and the additional Cretaceous genera,

Cyprimera, Anchura, Gyrodes, &c, in closely-associated beds.

When we come to consider the invertebrate fossils yet known
from this formation, in their specific relations, we find all, with

possibly two or three exceptions, new to science and different

from those yet found either at Bear River, Coalville, or indeed

elsewhere in any established horizon; so that we can sea cely

more than conjecture, from their specific affinities to known forms,

as to the probable age of the rocks in which we find them. Con-

sidered in this respect, their evidence, however, is i

Two of the species of Gorbula, for instance ( C tropklophora and

C. undifera), are most similar to species found in the hracki-di-

" * lith River on the Up
that we have always considered Lower Tertiary: though there

are some reasons for suspecting that the Upper i

taceous. A Gorbicdo, l»oth from the iJlaek Butte and Point ot

Rocks localities, is even so >'</»/ nearly like ('.
•
yf/< triform is from

the Judith River beds, that I have referred it doubtfully to that

Again, the species Anomia gryphorhynefrus, found so abun-

dantly at Point of Rocks in the same bed with the above-men-
tioned Corbicula and Corbula trophidophora, so closely resem-

bles a Texas Cretaceous shell described by Roemer under the

name Ostrea anomicpformis, that I am strongly inclined to sus-

pect they may be the same ; though whether identical or not, at

least our shell is certainly not an oyster, as it has its moacolar

marginal, and i



of the Rocky Mountain region.

the other hand, the Corbiculas are decidedly Tertis

specific affinities, as well as in their subsume; C t

utdUfyrmis, from the Hallville

3 Paris Basin Tertiaiy

i species being the type of a sub-genus,

being very closely allied to Paris Basin Tertiary forms, the first-

mentioned species being the type of a sub-genus, so far as know n,

peculiar to the Tertiary elsewhere. The same may he said of

,
which also seems to belong to a group ( Velori-

tliHi) |m culiar to the Tertiary in Europe.
But the most surprising fact to me, supposing this to be a Cre-

taceous formation, is, that we found directly associated with the

mains at Black Butte a shell 1 cannot distinguish from
Vivijxirns tr<>rfn'fon,iis, originally described from the Lignitic

formation at Fort Clark, on the Upper Missouri, a formation that

has always been regarded as Tertiary by all who have studied its

fossils, both animal and vegetable. The specimen mentioned does

not show the aperture, nor all of the body volution ; but, as far as

can be seen, it agrees so exactly with that \ » ry peculiar species in

size, the form and proportions of its volutions, the slope of its spire,

its surface markings, the nature of its suture, and, in tact, in e\ ery

respect so far as can be seen, that I have scarcely any doubt of its

identity with the same.
The occurrence of this last-mentioned species here, along with a

Cretaceous type of reptilian, and a < ,>rh;<-,il,i apparently identical

with (J. cytheriformis of the Judith River brackish-water beds,

together with the presence of Corbulas very closely allied to

Judith River species, at lower horizons in this series, and the

occurrence of some vertebrates of Cretaceous affinities at the

Judith Iii\ et- localities, would certainly strongly favor the conclu-

sion, not only that this Judith formation, tic age of which has so

long been in doubt, is also Cretaceous; but that even the higher

fresh-water 1. ignite formation at Fort Clark and other Upper Mis-

M'H idealities may also be Upper Cretaceous instead of Lower
Tertiary.

That the Judith River beds may be Cretaceous. I am. in the

light of all now known of the geology of this great internal region

of the continent, rather inclined to believe. But it would take

very strong evidence to convince me that the higher fresh-water

Lignit.- series of the Upper Missouri is more ancient than the

Lower Eocene. That they a
_

not only by the modern affinities of thei

also by the sate of the preservation of the latter. Ind

shells (Planorl>;*, Mriparus. 1-ionh>?."sh. Vhy*«. &c.) are found

I i. as they fall from the incoherent sand in great numbers, SO

: ing m itrix. either intt rnal or external, and

"ttle changed, that any one not familu

species of the^countrv n

shells of the same, pi< '
'

The entire flora of this

always been considered, by the high*

ment of paleontology, unquestionably Tertiary.

,
picked up along the shores

_. up has also

hat depart-
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From the foregoing remarks it will be seen that our present
information in regard to the age of the Bitter Creek series may be
s m llj st ited as follows :

1. That it is conformable to an extensive fresh-water Tertiary
formation above, from which it does not differ materially in litlm-
lo~" ' ' ' " " ' - except inn in containing numerous bt 1- md
seams of coal.

2. That it seems also to be conformable to a somewhat differ

«ed group of strata (1,000 feet, or possibly much more
in thickness) below, apparently containing little if any coal, and
believed to be of Cretaceous age.

3. That it shows no essential difference of lithological charac-
ters from the Cretaceous coal-bearing rocks at Bear River and
Coalville.

4. That its entire group of vegetable remains (as determined
by Professor Lesquereux) presents exclusively and decidedly
1< rtmry affinities, excepting one peculiar marine plant (//-'/,,./"-

nites), which also occurs thousands of feet beneath undoubted
Civtareous fossils, at Coalville, in Utah.

5. That all of its animal remains yet known are specifically dif-

ferent from any of those hitherto found in any of the other forma-
tions < : this region, or, with perhaps two, or possibly three excep-

6. That all of its known invertebrate remains are mollusks,
consisting of about thirteen species and varieties of marine, brack-

<h-water types, none of which belong to genera peculiar
to the Cretaceous or any older rocks, but all to such genera as are
alike common to the Cretaceous, Tertian-, and present; epochs, with
p..<Hbl\ the exception of Goniobasis (which is not yet certainly
known from the Cretaceous).

1. That, on the one hand, two or three of its species belong to

sections or subgenera {Leptesthes and Veloriti>,a\ appanntly
ne Tertiarv of Kumpe, and are even very

Hied to species of that age found in the Paris Basin;
while, on the other hand, one species seems to be conspecific
with, md two , Mii-unenc with . ami <-h-elv related vpi-eitiealh to),

forms found in brackish-water beds mi the tapper Missouri, con-

rtebrate remains most nearly allied to types hitherto

Texas Cretaceous shell, and perhaps specifically identical
while a Vfviparus, found in one of the upper beds, is aln
tamly identical with the V. trochiformis of the fresh-water Lig-

u of the Upper Missouri; a formation that has

:
! '.v all authorities, been considered Tertiary.

9. That the only vertebrate remains yet found in it ar
a large n-ptilian occurring i n :t li the Vivi-

P<ir><s mentioned above), which, according to Professor Cope,
is a decidedly Cretaceous type, being, as he states, a huge Dino-
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anifest that the paleontoh
i of the age of this form

very conflicting nature; though aside from i

It thus becomes manifest that the paleontological evidence he:

)g on the question of the age of this formation, so far as x

Tertiary. The testimony of the plants, however, on this point,

although they donl.tless represent what wouhl he in Europe con-
sidered clearly a Tertiary flora, is weakened l,y the fact that we
already know that there is in Nebraska, in clearly Cretaceous
rocks, a flora that was referred by the highest European authority
to the Miocene. I do not know, however, how far Professor Les-

quereux's opinion, that the Bitter Creek plants are Tertiary, may
rest upon specific identifications among them of forms known i

occur in well determined Tertiary rocks '

SCIENTIFIC INTELLIGENCE

I. Chemistry and Physics.

Magnetic Equivalent of Heat.—M. Caztx has

:ing the heat produced in the core of an electro-m
- ken. Call m t

netism, I the distance between the poles, Q the num
eat created by the disppearance of the magnetisi

A(j=m% in which, if all

will 1!

To see

M.nded b\ two coils
A the

If wh<
while i- open.

U,urr
1. 1 has ,

From the>e fact
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been broken N times. The temperature of the air is the same as
that of the inner surface of the core. This is thin and surrounded
with a thick layer of cotton, ami hence the amount of heat vene-
rated is found hy multiplying the increase of temperature, by the
weight of iron, hy ir. specific iieat. In an example the coil had
4so rurns, the core weighed s:;--5 grams, the current ='0232,
the unit being 'hat required to sot tree I mgr. of hvdro.^n a second]
and the current was interrupted 2778 times in ten minutes. The
pressure of the air increased 17-s mm. of water, corresponding to a
change of temperature of 0'508. The amount oi heat <> -em-rated
was -0000174 units, and the value ofm 2 l was 1855' the unit being
the amount requisite to repel an equal amount at distance of a
decimeter with a force of a decigram. This gives the magnetic
equivalent of heat— 1 06,000,000 mats of magnetic enero-v, approx-
imately. Its true value is probably somewhat less since we have
not here taken account of the heat transported hv induction into
the magnetizing coil, but h.-ivt- o„l\ taken care that it should he
small.

—

Comptes Rendus, lxxix, 290. e. c. p.

2. Unilateral Conductivity.—Dr. A. Schuster finds that certain
conductors oppose different' resistance when the cm-rent passes
through them in oppo>itc directions. It wouhl lie difficult to detect
such differences in the ordinary way. as it would he masked hy

is always constant, asb.pg as the strength of the magnet does not

til!| > i' dimes currents alt. ru itely in opposite directions. The elec-

tromotive force prodming these' currents must be the same in both
directions; hence any difference in the two sets of currents must
be due to a difference in the resistance. The induced currents
move a galvanometer in opposite directions, but if thev follow each
other with great rapidity the needle will come to rest at the zero,

provided the currents ha\e e.ptal strengths. If the two currents
are Btrong, a eery Blight difference will have a marked effect on

The magnet was attached to the plate of a sirene and revolved
about 40 times a second; the wire of the coil had a resistance of

about 30 mercury units, and the electro-motive force in each direc-

tion was about -12 of a Grove cell. The total resistance, including

tion of the needle, a mirror, telescope and scale were used, and
the delicacy of the galvanometer was such that an electro-motive

• i a I hmiel cell produced a deflection of 200 divisions

. If now the wire to he tested was connected with the

' rand coil, and the raagnel set in motion, generally
the needle would begin to deviate to one side and tinallv come to

res! at >ome distance from the zero. Chan-aim the connections
generally changed the effect. Repeating the experiment several
times generally diminishes the deviation or cans, s i: to disappear,
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but allowing the apparatus

-h had never before been su
the needle wildly to one side, although

on disappe
itrodueed whir
pear by repeat)

Metals condense gases in great <|uantitv at their surfaces, and it is
quite conceivable that if two wires are "screwed together, that par-
ticles of air will separate the two surfaces and that a small voltaic
arc will be the result.

—

Phil. Mag., xlviii, 251. e. c. p.

Specific Seat of Gases.—Wiedemann has succeeded in
"

*~
; the specific heat of gases, by a method which gives re-

biuub as accurate as those of liegnault, while the apparatus em-
ployed is much smaller and less complicated. Two glass vessels
are used, one of which may be filled with water from a reservoir
ten feet above and the air driven from it into the other vessel
which contains a rubber bag with a capacity of 25 litres. This
contains the gas to be studied, any portion of which may be ex-
pelled from the bag by admitting water from the reservoir. Its
volume is obtained with great accuracy by weighing the water
collected and correcting for temperature and pressure.
The apparatus for heating consists of a tube, 3 meters long and 9

- Ith copper turnings and immersed
in boiling water. When the gas traverses this tube it is com-
pletely heated, even when 10 litres pass per minute. The calori-
meter consists of three silver tubes. 63 mm. high and 9 mm. in
diameter, filled with silver turnings and which the gas traverses
successively. They are contained in a silvered copper vessel, 54
ram. high and 44 mm. in diameter, filled with water. To avoid
radiation, the whole is enclosed in a double box of tin, which is

filled with water and brought to a temperature midwav between
the initial and final temperature of the calorimeter. "The small
size of the latter, which contains only about 60 grams of water,
enables us to obtain a considerable elevation of temperature. Thus
20 litres cooling from 300° to 20° raised the temperature 8°. To
produce the same elevation Regnault required 200 litres, a serious
objection, when it is difficult to obtain large quantities of the gas
in a state of purity. With this apparatus the specific heat of sev-
eral gases was measured with the following results, in which II.

denotes Regnault's determination, and W. that obtained with the
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above apparatus. Air, R. -2377, W. -237
; carbonic acid, R.

W. -208; hydrogen, R. -3409, W. -3431
; ethylene, R. gives

and -3933 or '4040 as a mean, W. -4070 and -3950 or a mean
•401. The agreement is therefore very satisfactory.—Mb. Vn
cci. 73.

J
„ „ „

II. G-EOLOGY AND NaTUKAL HlSTOKY.

•2<i43,

Coral reefs of II>i,r«i;. _M,-. ] }aru;,

work on Coral r 5 statements from Ellis respectin:

parts ofence of elevated beds
Hawaii, about twenty feet above the level of the sea." The writer,
as Mr. Darwin states, saw hardly any reefs about the island, the
only point mentioned in my report being the vicinity of Hilo. In
reply to an enquiry by me on the subject, the Rev. Mr. Coan,
long :i n-siil.nt of Hilo, and, as missionary, a traveler over various
parts of the island .-i' Hawaii, makes the following statement in a
letter dated Hilo, October 26th, 1874. Mr. Coan is a careful ob-
server of natural objects and phenomena, aud has written much
"ii the Hawaiian volcanos.

" \\ ith respect to your enquiry whether there is any elevated
coral reef rock around the shores of Hawaii, I would rej.lv that
I think not. I have traveled the whole circuit of the island by
land, and in boats, canoes and larger vessels, and there is hardly
a point along the shores which I have not noticed carefully. Hono-
lulu, on the island of Oahu, is built much of it upon the ele-

vated coral-reef rock, and there are large areas in the district of

Waianae and other portions of the Oahu shores; but there is

nothing <>f this kind on Hawaii. You are aware that corals, even
under the water, are on the weather side of this island [the eastern,
near the middle of which is the harbor of Hilo], not abundant,
and all the good specimens we get are obtained by diving.
Small quantities of broken corals are washed ashore by the

The Oahu reefs are described by me in my Exploring Expedition
<b-..|,.

ir i...-,l Report. [,,,. -J". 1--J-..1.
'

Tii, fart's are more briefly men-
tion,-.! in mv work o„ Cals and Coral Islands. J. d. dana.

2. Drift in Kansas ; by Kev. M. V. 15. Knox. (From a letter

to J. D. Dana, dated Sept. 24, Baldwin City.)—The drift in Kan-
sas is confined mostly to the northern half of the State, little

having been found any distance south of the u reat Kansas Valley.
North of this river, especially in the region north and west of
Topeka, there are drift rocks of vast size. The prevalent kind
of rock is red and flesh-colored quartzite, with a mixture of
conglomerate and trap ; the mass is red quartzite. On the high

so boulders are sometimes from six to fifteen feet in

diameter; yet in the northeast fourth of the State, one may
ride twenty miles over the prairies and not see one of so large
«* Smaller boulders and pebbles are everywhere to be found
in this part of the State.
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pebbles are found, washed from the soil, no doubt, i

course of the streams, and thrown into banks. These forks do
not reach near the Rocky Mountains, but are entirely made up in

the prairies. South of the Kau there are a few regions of drift. < >ne
in Wabamsu County, opposite Wamego, is the largest deposit I

have -ten in the State. Fifty or a hundred acres, on the top of
:
'-. are covered so thick as to take up all the space, and I

judged that it might be 8-12 feet deep in places. None of the
stones or boulders are more than three or four feet in diameter.

3. Note on the H<(ica!i<ih Volcanoes; by Rev. T. Coan. (From
a letter to J. D. Dana, dated Hilo, Oct. 6.)—Kilauea has been
very active for the greater part of the past year. The great
South lake has been full and overflowing much of the time ; and
the great central depression of 1868, in the crater, has been filled

ti]> Ijy deposits about 200 feet, while the region around the great
(Halemaumau) is a truncated mountain nearly as high

as the outer upper edge of the crater.

Mokuaweoweo, the summit crater of Mauna Loa, has been in
action for eighteen months. For the most of the time the action
has been violent. Of late it has decreased, and there is the
appearance that it will soon cease.

We have had few earthquakes
these have been feeble. They art

district of Kau.
4. Permian in the Nova Scotia Coal Region.—Dr. Dawson

has a paper in the Quarterly Journal of the Geological Society,
vol. xxx, in which he points out reasons for suspecting the upper
part of the Carboniferous series to be of the Permian period,

Several of the plants of the beds are in Europe, both Carbon-
iferous and Permian, as Catamites Suekovii, C. UisHi, Antwlaria

>'', N. cordata, N. aurieulata,

J\e<i/,trri8 abore$cens, P. oreopteroides, P. abbreviata ; and "Ca-
tamites gigas is a decidedly and peculiarly Permian species."

The e\ idenee is not positive. No marine shells occur in the beds
to aid in arri elusion.

5. Seventh Annual Report of the United States Gy
S,rrr<

:,
,,/ //„ llrriforks /<» 1873, Dr. F. V. Hayden, IT. S.

-

tary of the Interior. Washington, 1874.—Dr. Hayden's Report
for 1873, just now leaving the press, come-
facts respecting the topography, geography a

o • •

:

."-.
of ( . lor;] 1<>. Dr. Havden •- > n< t! > volume with chapter-; oh the
featu

remarkable glacial phe
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ccellent Geological Report by Archibald R. Marvin e,
Geologist, directing the Middle Park division of the

Survey. The topographical features are carefully described, and
then the several geological formations in order. The Lignitic
formation of Colorado he refers, like Dr. Hayden and Mr. L.

Lesqiu-reux, to the Lower Tertiary. Numerous analyses are given
of the Lignitic coals, and much other information of eeono'niical
value relating to the character and distribution ot the roal beds is

added. The granite and other granitic rocks of the mountain
ranges in the region are shown by Mr. Marvine to be of meta-
morphic origin.

Pages 193 to 274 are occupied by the Report of Dr. A. C.
Peale, Geologist of the South Park Division. The Report eon-
tains a large amount of information respecting the Cretaceous,
Lignitic and other formations of the region. In Pleasant Lark.

oiis rocks were distinguished, oveiiving the granite.
On Trout Creek, a few miles below Bergen Park^ fossils of the
Quebec group were collected, including species of Obolits, Cono-
f ;•</,;'». Ilitl,.,,*,',!*. ,!,-. L.mL ivfrnvd to tlie Qu. bee group were
found also on Horse-shoe or 4-mile Creek, near Hoix -shoe Moun-
tain, with also others of the Carboniferous. In the vicinity of

Tennessee Pass, between the Arkansas and the head of Eagle
River, on a large branch coming from the west, the beds are sta-

ted to range in age from the bilurian to at least the Upper Car-
boniferous. No mention, however, is made of Upper Silurian or

Devonian fossils. The report closes with a catalogue of minerals

on the Lignitic formation audits fossil flora'; ...

100 pages by Mr. E. L>. Cope, on the Vertebrate paleontology of

Colorado, containing descriptions of many new species. These
are followed by Zoological and Geographical reports o\' consider-

able length, the latter by Mr. James T. Gardner, Geographer of

the Kxpedition, the sheets of which have not yet reached us.

Dr. Hayden, by adding to his own valuable work that of other

scientific observers of known thoroughness, carries forward a vast

amount of research each year, and is thus making extraordinary
progress in extending -our knowledge of the Rocky Mountain
territories.

We learn that extended quarto Reports on the Fossil Plants by
L. Lksquereux, and on the Invertebrate K,.>.<ils of i he Ib-cky
Mountain region by Mr. F. B. Meek, both to be illustrated by
numerous plates, are soon to be issued.

6. ( atalogut
,/ P/Mlt ts collected in the years 1871, 1872 and

descriptions of new species. 62 pp. 8vo. Report upon
Ornithological specimens collected in the years 1871, 1872 and
1873. 148 pp. 8vo. Geographical and Geological explorations
and surveys west of the one hundredth meridian. First Lieut.

Geo. M. Wheeler, Corps of Engineers, in charge, Engineer
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Department, U. S. Army.—These catalogues of Plants am
collected in connection with Lieut. Wheeler's expeditions, ,

hesid.es a list of species, notes upon many of those imp
known, and descriptions of some new species. The Bi

Catalogue has been prepared through the assistance ot

botanists, namelv: Prof. Asa (ira v, .M r. >eivuo Watson, 1

C. Eaton, Mr. Thomas P. James. Dr. George Vasev, Dr.

Thurber, Mr. Josiah Hoopes, Mr. S. T. Olney, ami M r. C.

tin, and also of Assistant Surueon IT. S. A., Dr. J. T. Rot?

The report on the Birds is by Dr. N. C Yarrow and

W. Henshaw. It contains much valuable informal ion res

the characters and distribution of the species.

7. On the Use of" Cyclosis" in America. (Read bed

Association for Advancement of Science at Hartford

words rotation and cylosi* were first proposed in 1S-J9 1>

Schultz, in a letter on' the circulation of fluids in plants ad

to the Paris Academy, and published in 1*31 in the A
Sciences Nat., 1st ser., vol. xxii. In this letter he defin

while cyclosis is the name he gives to the circulation in s]

sels lie supposed occurred in phanerogams. In a suhseque
'' Sur la circulation," etc., published in Nova Acta. 1841. \

2d supplement, the application of cyclosis is restricted to t

ments of the latex in the laeticiferous vessels.

Mohl and others proved many of

erroneous, but these words proposed 1

not justified byebher the origin or present use of the word in

It is perhaps true, as remarked in the Botany <»! Mamit and

Decaisne, that Schultz did not make a happy application ot the

word cyclosis, and if it were established thai 1 .tex circulation did

not exist, the transfer of use might be accomplished.

But many competent observers believe in an independent latex

motion, the old meaning is still adhered to in England, and hence

.

cyclosis to the cell circulation i

It should be remembered that both these movements of plant

fluids are distinct from the interchange between roots and

branches, known as the general circulation. wm. h. seamax.

Note.—The rase staml^ thus : Von Mohl, the highest authority,

•esponsible for the statement (which 1

•

I.< MaoiiT
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donne le nom de rotation, terme tout a-fait impropre, auquel il

serait convenable de substituer celui de cyclose, aboli par Hugo
Mohl, et qui exprime plus exactment le mouvement circulaire du
sue dans la cellule" (p. 117). And we learn that the term ,•//,/„,<;,

is defined accordingly in England, in the last edition of the Micro-

graphic Dictionary, * So there is some good authority for the

American use of the term in Europe. a. g.

8. Notice of Pilars >>n Embryoi^yy by A. Koiimlevsky ; by A.
Agassiz. (Communicated.)—A. Kowalevsky has published, unfor-

tunately in Russian, two capital papers on Embryology. The one

continues the investigations he had been carrying on regan ling i he

existence of an ectoderm and entoderm layer in the early embry-

onic stages of Invertebrates. In the present paper he has given

a summarv of the early stages of a Campanularia, cont.

observations of Wright :
' '

Cassiopea he shows that the digestive cavity is formed by the

invagination of the ectoderm. This is contrary to the results of

previous observers, except Schneider. For Pelagia he shows a

b development from the egg remarkably similar to that ..f the

Geryonidae as we know it from Hseckel, Fol and Metschnikoff.

He adds nothing to the embryology of Actinia not already known
from the magnificent monograph ot" Lacaz<.-l>ui hiers. He then

passes on to the development of Aleyonium, of which he gives an

extremely interesting sketch supplemented by fragments on the

embrvol/.gy of A-t nea, ( b.rgonia and Cerianthus, the development
of the 1 itt.i'V i» strikingh similar to th it oi Kdwardsia, as we know
it during its passage from Arachnactis to Kdwardsia, He has

added a few observations on the earlier embryonic stages of

Eschscholtzia, Beroe and Eucharis, completing deficiencies in his

earlier papers on the embryology of Ctenophorse. These supple-

mentary observations agree completely with the observations of

A. Agassiz on the embryology of Ctenophoras.
The second Memoir is a very complete history of the develop-

ment of Brachiopods, strik in - Iv in accordance with the views of

Steenstrup and of Morse oil the affinities of Brachiopods with

Annelids. The homology between the early embryonic stages of

Argiope with well known Annelid larva isinost remarkable, and

the resemblance between some of the stages of Argiope figured by

Kowalevsky and the corresponding stages of growth of the so-

called Lovcii tvpe of development ;iitinii'.' Annelids is complete.

The number of'segments is less, but otherwise the main structural

features show a closeness of agreement which will make it difficult

for Conchologists hereafter to claim Brachiopods as th

property. The identity in the ulterior mode of growth between
the embryo of Argiope and of Balanoglossus, in the Tornaria stage,

is srii! more striking; we can follow the changes undergone by
Argiope while it pa^e* through its Tornaria stage, if we may so

call it, and becomes gradually, by a mere modification of the

y of its organs, transformed into a minute ped
- far from the Tornaria stage of Argiope as
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the young Balanoglossus differs from tin- free-swimming Tornaria.
In fact the whole development of Argiope is a remarkable combina-
tion of the Loveii and of the Tornaria types of development among
Worms. His paper also includes the liistorv of a less vermiform
type of development, that of Thecidium and of Terebratula, in

which the observations of Kowalevsky fully agree with the previ-
ous well known memoir of Lacaze-Duthiers on Thecidium, ami of

atyof'Mo
PtheAmer i Brachiopods alone, the vermiform affinities

of Brachiopods, now so conclusively proved by the development
of Argiope in Kowalevsky's paper.
The close relationship between Brachiop. d- and Bryozoa can-

not be more full \ demonstrated ' drawings on
Plate v. of Kowalevsky's history of thecidium. We shall now
have at least ;

iopods, and the
Memle-aiiipora and other incrusting Bryozoa is readily explained
from the embryology of Thecidium. In fact, all incrusting Bry-
ozoa are onlv coram unit ic- of Brachiopods, the valves of which are

continuous and soldered together, the flat valve forming a united

He the convex valve does not cover the ventral valve, but
leaves an opening more or less ornamented for the extension of

the I.ophophore.* A. AG.

9. Enibryoiogy of the Ctenophorce ; by Alexander Agassiz.
4to, with five plates. From the Memoirs of the American Acad-
emy of Arts and Sciences, vol. x. No. iii. August. 1874.—In this

memoir we have a complete embryology of Idyia roseola, and
a nearly complete one of Plenrobrachia rhododactyla, with observa-

tions on other genera. The memoir concludes with a discussion

of the systematic position and affinities of the Ctenophora, from
which we make the following extracts

:

" The question of the systematic position of the Ctenophorae

can now, thanks to the greater knowledge we have of their

embryology, be treated more intelligently. The position taken

by Vogt who follows Quoy in removing them from the Acalephs

altogether, and associating them with the Mollusks on account
of the apparent bilaterality -o strongly developed in some fam-

ilies (Cestum, Bolina and Mertensia), seems not untenable. The
nature of their relations to Echinoderms, Polyps and Acalephs,

as well as the general relations of the Coelenterata to Echino-

derms, may he discussed a^ain, especially as having an impor-

tant bearing not only on the value of the Coelenterata as a pri-

mary division of the , at also on the limits of

Radiates, and the possible affinities of the Sponges and Ccelen-

* Mr. B. P. Mann translated for me the explanation of the plates of the two
Memoirs of Kowalevsky.
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erata Miggrsted by Haeckel.
:

developed from this embryology is its cc
traea theory of Haeckel,t f°r which he (

for the natural development of
cause, and has been bold enough

!'•• onl\ to name, but also figure, the primitive ancestor from
types of the animal kingdom have been developed!

ancestor, he says, must have been built much like
his gastrula, only anoth
all students of Tn vertebrates :.> the Hanula of Dalyeil. Hseckel
would lead us to believe that this gastrula is a newlv discovered
embryonic stage; all he has done in reference to it, is to recall
the existence of planulae among Sponges which had previouslv
been discovered by N. Miklucho Maclay.J Since the publication
of Hseckel's article, his special interpretation of faiu-i:

and homologies existing only in forms conjured up bv Ma-ckel's
vivid imagination, have been sufficiently criticised by Metschni-
koff,§ so that until we know something more of the development
of Sponges we may leave the discussion of their affinities' with
Coelenterates out of the question, in spite of the ingenious argu-
ments advanced to support Leuckart's views on the subject.

""*- of planula3, the walls of which consist of an
ectoderm and entoderm, has been distinctly proved for Aealophs.
Echmoderms, Polyps, Worms, Arthropods, Tunicates, Mollusks,

|

for Amphioxus, the papers of Johannes Mtiller. Krohn,
Agassiz, Kowalevsky, Sars, Airmail. Claparede. Kupfer, Metsch-

i others, are too well known to need citation in tld> con-
nection. So far we are in perfect accordance with Hseckel and

- ' • with him in his , stimate of the s\ srematie value of
this early embryonic stage, whether we call it'planula or adopt
his later name of gastrula. But let us follow his subsequent
steps and separate what is known from what is stated as known
by Haeckel. It is known that the pl.-mula cmuhsn of an entoderm
and of an ectoderm. It is known that the primitive digestive
cavity is in the case of Echinoderms, of Ctenophone and of some
Discophorse, formed by the turning in of the ectoderm, so that the

cavity is, in their case at least, invariablv
formed by the ectoderm. It is known, on the other

"

ive cavity

H.| ^TsTs
K R

"
°Q ^ Primitive^ layers of to* Embryo. An:

f Fol, H. Die erste Entwickelung d. Geryonideneies. Jen. Zeitsch.,



Geology and Natural History. 473

walls formed by the entoderm. We must lay great, stress on this
point, which is alluded to by Haeckel as of no consequence. * for

this seems to us to destroy the very base of his argument. If the
gastrula can in one case, and in such closely allied classes as Ac-
tinia' and Hydroids on one side, and Echinoderms and Ctenophone
on the other, be built so differently that in the first case the walls
of the primitive cavity arc formed by the entoderm, and in the
other of the ectoderm, what becomes of all of his subsequent
generalizations of the value for systematic purposes of these two
layers? The distinction of entoderm and ectoderm is, as ILeckel
himself acknowledges, and as is sufficiently shown by Kowalevsky,
of the greatest anatomical value, y, f how is ir possible that these
different ly constructed planulae should have the genetic connection
claimed for them by Haeckel, if in their very embryonic stages
the differences are of so radical a nature that according to the very
theory of embryonic layers so strongly insisted upon by H-eekel.
they could have no possible relation, the one being a product of
the entoderm, the other of the ectoderm, the two primitive embry-
onic layers.

" It is not known, as is stated by Haeckel, that the walls of the
primitive digestive cavity are invariably formed of the entoderm,
and when Haeckel states the result (the gastrula) to be the same
whether formed by the ectoderm or entoderm he states what is

known to be exactly the contrary. It is not known, as is stated
by Rfflckel, that the mere fact of a planula fixing itself by one
extremity or not, will in one case lead to a radial type, in another
to a bilateral type. What becomes of all the free->\viinming

embryos of Echinoderms, of Acalephs, of Polyps? Are they
bilateral? It is true Haeckel is obliged, to suit his theory,

"

i'h-r the Echinoderms as an aggregation of indi\ iduals. but he has

not the countenance of :i single zoologist whose opinion on Echi-
noderms is of any value; when be says that Sars, whose knowledge
of the development of Echinoderms was so accurate, agreed \

his peculiar views, we can only reply that his agreement must De
based upon a misunderstanding. \Ve have equally as many radial

and bilateral types developed either from fixed or from pelagic

gastrula, and to cite thb a< a ,;i,i.<,i ,jfi-;. >,s. the mechanical' reason

of the genetic descent ofali radiates from a fixed gastrula. and of

; tvpes from a free-swimming one. b simply fantastic.

How is it that so many Actinia? and Acaleps have their radiate

structure developed long before they become fixed? It is not
known that tie embryonic layers of' Acalephs are truly homolo-
gous to those of the higher Vertebrates. Huxley -imply speaks

of their bearing rh - "ion to one another.

but until we know the gastrula of other Vertebrat.-s than Amphi-

togeny of Amphioxus, and the remaining members of the Verte-

brate branch, and to say that hence there is no doubt left that the

* Haeckel and Lankester both seem to think that because the result is a similar
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ancestors of the Vertebrates must have passed through in the

beginning of their development the gastrula form ! Neither
Iheckel nor any otic else lias seen this; it is a pretty hint which
may or may not be proved.

"Considerable confusion arises in Meckel's classification from his

adopting at one time as of primary importance the development
of the cavity of the body ami making it the main point in his

phylogenetic classification, while previously the relations of the

» Protascus and Protln Imis (names he gives to the un-

;estors of tli. • <rmed the basis

of his classification. This places him in the awkward predicament
>>f having a phylum of the animal kingdom (the radial) which has

losi tin- capacity of forming a body ca'- it y, and yet its descendants

have in some unaccountable manner (entirely against the rules of

Hseckel's theory) managed to get one by some unexplained

method. We do not see' how it can be so confidently stated by
Ueekei that Pchhioderms have h>sl their original central nervous

organ; there is no proof whatever of its once having existed.

There is, as yet, no proof whatever that the organs of sense (which,

as had already been so often insisted upon by Agassiz, are not

homologous in the different branches ol the .-mimal kingdom) have

the same phylogenetic origin. "When Haickel says that the

mouth of Ech'inoderms is not homologous to the primitive mouth.

we can only refer him to the memoirs of Milller, Metschnikoff and

myself on Echinoderm embryos for proof to the contrary.

"There seems no doubt, as Ilaeckel insists, that to tli

of zoologists of the present day the idea ot type is a very different

one from that of type as understood by Baer and Cuvier. The
probability of their original community of origin is hinted at from

the many so-called intermediate forms, both living ami fossil, which,

though we may enroll them either in one great branch of the ani-

mal kingdom or another, yet show that we can no longer consider

the great types of the animal kingdom as closed cycles, but must

hereafter regard them as holding to one another relations similar

to those which the remaining categories of our systems have to

one another. This change has principally been brought about by

a better knowledge of the embryology of a few well known types.

" But what becomes of all the assumptions of Hseckel which form

the basis of his Gastraea theory? Thev are totally unsupported,

and with their refutation must fall his theory; it can only take it-

place by the side of other physiophilo>..phical >y>tems ; they are in-

genious arrangement- up in the interests of

• ways in advance of the other embryological

classifications which have preceded them ; we get new names for

somewhat different combinations, but a truly scientific basis for a

fcion based upon the value of embryonic layers is at

present impossible; such attempts can be only speculations, to be
proved or disproved on the morrow.
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"What Haeckel substitutes in the place of the accepted ty

the animal kingdom is simply another view of these same
and nis Gastraaa theory is in no danger of upsetting, at pres

classification as now understood. Indetd.least, zoological classification as now understood. Indeol. it' we
phylum, why not at once go back to the

definite starting point, a typical element
need an ancestor for our phylum, why not at once go back

a definite starting point, a typical c'

vhich underlies the whole of the animal kingdom and which forms
the walls of Haeckel's gastrula. Then we shall all be agreed, and
when we frankly state that all organisms are derived from a prim-

itive cell and from its subsequent increase, we come within the

range of positive knowledge, but we are unfortunately as far as

ever from having for that "reason been able to trace a mechanical

cause for the genetic connection of the various branches of the

ngdom. We must meet the direct issue raised by
Hackel,—that such a genetic connection either does or does not

exist,—by repeating what has so often been said by others, this

genetic connection may exist, but we have at present no proof' that

it does exist, and at any rate his gastraea theory does not bring us

any nearer to a mechanical explanation of such a genetic connec-

tion however probable it may be. * * * * *
" Here we must call attention to a marked difference between

Acalephs and Polyps on one side, and Echinoderms on the other,

that while in the former the connection between the digestive

cavity and the water svstem always remains open, it is at one time

disconnected in the Echinoderms,"though it is eventually reopened

through anastomoses of the water tubes. The anal opening holds

in Ctenophora3 very much the same relation which it holds in

Echinoderm larvae, in which the wTater tubes are still connected

with the primitive digestive cavity. When we find, as we do,

that in Ctenophorae as well as in Echinoderms, the primitive diges-

tive cavitv is formed by the inturning of the ectoderm, that in

both classes the water svstem is developed as diverticula, from

this digestive cavitv, we fail to see how we can separate the Cteno-

phorae from Echinoderms and place them with Polyps in a separate

subkingdom ofthe animal kingdom. No one questions the r. lat ion-

ship of (.'tenoplione to Acah-phs, yet from embryological data it

would be more natural to associate Echinoderms and Ctenophorae

into one subkingdom characterized by the mode of formation of

the water system as diverticula, forming eventually chymiferous

tubes in both classes, and to associate the other Acalephs with the

Polyps* where the <;h villiferous tubes and cavities an :

the "liquefaction of the interior of the planula. Any one u h- will

compare the figures of the embryos of starfishes (A. Agassiz, Em-
bryoL Starfish, pi. it, fig. 8) and Ctenophorae (pi. m, figs. 6-10;

ph v, figs. 5, 11) at the time when the chymiferous tubes are re-

duced to mere diverticula, cannot fail to* feel satisfied of their

complete identity of plan. Metschnikoff has made, in

the homologies fhave just recalled, a most interesting

Trans. R. S. Edinb.,

panson

Ctenophone as contrasted to the
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between an Eehinoderm larva and a Ctenophore : he shows that
even in the adult Ctenophore the i<l mtitv of plan is not destrovcd
and is carried out to the smallest details.

' The onlv point in which
1 would differ from him is in his comparison of the abactinal cceliac

tin- actmostome; he seems to forget that in Eehino-
derm larva- what at tirst performed the part of anus and month
eventually becomes th n ml, al , -, i ,i ... ivs should b,
reversed, and then the ide. til \ will e f,„m i .molete between an
^•f'inoderm larva (see A. Agassi/, Emhrvol. Stariish.pl. m, %.
6, and pi. vii fig. 8) with its oesophagus, digestive cavit v. ali-

'•'; ' ' '• '
'" ' "' lts chvniiferouB pouch (water system) from

which run the diverticula e\ enluail v to become the water tubes,
and a Ctenophore (pi. in, fig. 25) with its lateral tubes on the
sides of the digestive cavity (c/), leading into the chvmiferous
pouches, w, branching into the chymiferous tube. The cmliae
opening (pi. ra, fig. 45, ca) of the funnel he looks upon as repre-
senting the nmdrepurie b ( „| v , while I look upon them as the anal
"wiiuigs. In this vie« ofthe case, ihe Ctenophore is rather morem the embryonic condition of the Eehinoderm larva, when the
actmostome leading into the digestive cavity should perform at
the same time the function of mouth and anus, which it occasion-
ally does, although at other times the coeliac opening of the funnel
seems to be the true anal opening, while according to Mel
it is the madreponc body, which performs the part of an anal
opting- He says it only acts to introduce water into the system,
which is contrary to my observations.

I may here recall former statements* concerning the affinities of
the Ctenophorae, when describing some of the younger stages. It
could only be after a careful comparison of Ctenophorous and
ot Eehinoderm embry< >s, 1 id ence of their identity

ight be obtained. The Ctenophore retain the perma-
nently embryonic features of Eehinoderm embryos, in which the
water system is still connected with the digestive cavity. The
formation of a funnel as a sort of alimentary canal, opening exter-
nally through the cceliac apertures at the abactinal pole, corres-
ponds to the existence of a short aline i !ai \ canal in Eehinoderm
larvae. The Ctenophorae are from their embryology, more closely
related to the Echinoderms than to the other Acalephs, and it

seems natural to separate the Acalephs into two orders, the Cten-
'
l>n/i d by the presence of locomotive flappers, and

the .Me.lus.da'. meludiii- the i >-,.», ph.uw, and flvdroids.
10. Develop,,,*,*

<>f Hurin, s/tl ,„ ,„*.—Mr. FI.'.J. Carter has a
paper m the Annals and Magazine of Natural History for Novem-
ber (to be con

,er\ giving an account
•; t ids micros,,,}, ,,.,_, .

, lltl , m sponges,
with regard to the development from the earliest recognisable
appearance of the ovum to the perfect individual sponge.
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III. Astronomy.

1. On the apparent Connection betioeen Sun-spot and Atmos-

pheric Ozone; by T. Moffat.—At the last meeting of the British

Association, Mr. Smith, of Cirming, gave mc a record of new-

groups of sun-spots which a[i]>carc(l in each year for a number of

years, and he asked me to compare the mean daily quantity of

ozone in each year with the number of groups. 1 have done so,

for nineteen years, 1851-1869.

It would appear from the results that t he maximum of sun-

spot gives a maximum of ozone, and that the minimum of sun-spot

gives the minimum of ozone. The years 1854 and 1863 appear

to be exceptional. In 1854, however, ozone observations at

Hawarden were suspended for three montl -. which may account

for the irregularit v in that year. There is, I think, in these results,

sufficient to induce others to observe.—Proc. Brit. Assoc, Nature,

Sept. 17.

IV. Miscellaneous Scientific Intelligence.

1. Permanent Ice in a Mine in the Pocky Mountains; by

R. Weiser of Georgetown, Colorado. (Communicated.)—Geolo-

gists have been not a little perplexed with the frozen rocks found

in some of our silver mines in Clear Creek Co., Colorado. I will

first give a statement of the facts in the case, and then a theory

for their explanation.

There is a silver mine high up on Mc<

the "Stevens Mine." The altitude of this mine is 12,500 feet.

At the depth of from 60 to 200 feet the crevice matter, consisting

of .Hi,,,, ealcitc ami oiv. together with the surroumlin-u all-

rocks, is found to be in a solid frozen mass. Met lelian Moun-

tain is one of the highest eastern spurs of the Snowy Range: it

has the form of a horse-shoe, with a bold escarpment of feldspathic

rock near 2,000 feet high, which in some places is nearly perpen-

dicular. The Stevens .Mine is situated in the southwestern hed

[ horse-shoe: it opens from the northwestern. A tun-

ii into the mountain on the lode, whore the rock is al-

most perpendicular. Nothing Unusual •

of some 80 or 90 feet was made; and then the frozen territory

was reached, and it has continued for over two hundred feet.

There are no indications of a thaw summer or winter; the whole

frozen territory is surrounded bv hard massive rock, and the lode

its* If is as hard and <olid as the rock. The miners being unable

to excavate the frozen material by pick or drdl to get out the ore

(for it is a rich 1 >di . running arg." ntifer. is gal. ia from -5 to 1,200

ounces to the ton), found the only way was t<

fire at night against the back end of the fci

the frozen material, and in the morning take out the disintegrated

ore. This has been the mode of mining for more than •

I is over two hundred feet deep and there is

tion of the frost ; it seems to be rather increasing. There is, so

of :M, ,,
nel isd.h
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far as we can see, no opening, or channel through which the frost

could possibly have reached such a depth from the surface.

There are other mines in the same vicinity in a like frozen state.

From what we know of the depth to which frost usually pene-

trates into the earth, it does not appear probable that it could

have reached the depth of two hundred feet through the solid rock
in the Stevens Mine, nor even through the crevice matter of the

lode, which, as we have stated, is as hard as the rock itself. The
idea, then, of the frost reaching such :i depth from the outside,

being utterly untenable, I can do no other way than to fall hack

upon the Glacial era of the Quaternary. Evidences of the Glacial

Period are found all over the Kocky' Mountains. Just above the

Stevens Mine there arc the remains of a moraine nearly a mile

long, and half a mile wide. The debris of this moraine consists

of small square and angular stmics. clearly showing that they

have not come from any great distance. And just over the range,

on the Pacific slope, there are the remains of the largest moraine I

have ever seen, consisting of feldspathic boulders of immense size.

I conclude, therefore, that it was during that period of intense cold

that the frost penetrated so far down into these rocks ; and that it

has been there ever since, and bids fair to remain for a long time

2. Franz-Joseph Land.—Two papers are published in the cur-

rent volume of Petermann's Geographical Journal (p. :J81), on the

Austrian Arctic discoveries, one by Petermann, and the other by
Dr. Joseph Chavanne. The accompanying map represents the

Francis-Joseph Land as a group of large and small islands, between
the i.aralells of 79° 50' and 83° 10', and between the meridian- of

49° and 65° east of Greenwich. The limits of the larger masses
of land remain vet unascertained.

3. Physiology ; by M. Foster, M.A., F.R.S. Part VI of Sci-

ence Primers, edited by Professors Huxley, Roscoe and Balfour
Stewart. 132 pp. 16mo. (D. Appleton & Co., New York.—An
excellent little work, simple in language, clear in its explanations

and illustration--, and <o>od in its science.

4. The Transit <.f Vnm*; bv George Forbes, B.A., Prof. Nat.

Phil, in the Andersonian l/niversity, Glasgow. 100 pp. 12mo,

ms illustrations. London and New York (Macmillan
& Co.).—This volume is are' "

lished in Natu
the observations, with an account of the expeditions sent out by
the different government-. The explanations of the subject are

made as popular as the ease admits of, and are well illustrated

by figures.

5. S,r,<JhJt Tron Ons.—A collection of the Swedish ores has
been received h\ Lafayette College, Easton, Pennsylvania, from
the iron department under the Swedish government.

Tidal Researches: by William Ferrell, M.A., Assistant U. S. Coast Survey.
268 pp., 4to, with 3 plates. From the U. S. Coast Survey Report for 1874.
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